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CHAPTER L 
INTRODUCTION. 

It follows from the law of the conservation of matter and of energy that 
living beings, plants and animals, can produce neither new matter nor new 
energy. They are only called upon to appropriate and assimilate already 
existing material and to transform it into new forms of energy. 

Out of a few relatively simple combinations, especially carbon dioxide 
and w^ater, together with ammonium compounds or nitrates, and a few 
mineral substances, which serve as its food, the plant builds up the extremely 
complicated constituents of its organism, proteins, carbohydrates, fats, 
resins, organic acids, etc. The chemical work which is performed in the 
plant must therefore, in the majority of cases, consist in syntheses; but 
besides these, processes of reduction take place to a great extent. The 
radiant energy of the sunlight induces the green parts of the plant to split 
off oxygen from the carbon dioxide and water, and this reduction is generally 
considered as the starting-point of the following syntheses. According 
to a hypothesis suggested by A. Baeyer,i at first formaldehyde is pro- 
duced, C02-f-H20 = CH20+02, which by condensation is transformed into 
sugar, and this then serves in the structure of other bodies. The energy 
of the sun, which produces this splitting, is not lost; it is onl}?' transformed 
and is stored as chemical energy in the new compounds produced in the 
synthesis. W. Loeb^ has been able to obtain formaldehyde as a direct 
reaction product from CO2 and H2O by the aid of the silent electric dis- 
charge. The formation of aldehyde takes place in the three following 


Ber. d. d. ehem. Gesellsch., S, , ./i ?,;^itschr. f,' Elektrochem.;''12. 



2 INTRODUCTION. 

phases: firsts 2002=200+02; . second;; 00+H20==C02+H2| ' aiid\tl]iircl^ 
C0+H2=HC0H. The formation of sugar from CO 2 and H 2 O with the 
introduction of energy can be expressed by the following; 

1. CO2+H2O-C0+H2+O2. ■ 

2. H2+C0-HCOH.:, 

3 . 2(H2+C0) = GH20H.CH0. 

4 . GHCOH-CeHioOe. 

5 . 3CH2OH.GHO-C6H12G6. 

In animal life the conditions are not the same. Animals are dependent 
either directly, as the herb ivora, or indirectly, as the carnivora, upon plant- 
life, from which they derive the three chief groups of organic nutritive 
matter — proteins, carbohydrates, and fats. These bodies, of which the 
protein substances and fats form the chief mass of the animal body, undergo 
within the animal organism a cleavage and oxidation, and yield as final 
products exactl}^ the above-mentioned chief components in the nutrition of 
plants, namely, carbon dioxide, water, and ammonia derivatives, w+ich are 
rich in Oxygen and have little energy. The chemical energy, which is 
partly represented by the free oxygen and partly stored up in the above- 
mentioned more complex chemical compounds, is transformed into other 
forms of energy, principally heat and mechanical work. While in the plant 
■we find chiefly reduction processes and syntheses, which by the introduc- 
tion of energy from without produce complex compounds having a greater 
content of energy, we find in the animal body the reverse of this, namely, 
cleavage and oxidation processes, which, as we used to state, convert 
chemical tension into living force. 

This difference between animals and plants must not be overrated, nor 
must we consider that there exists a sharp boundary-line between the two. 
This is not the case. There are not only lower plants, free from chloro- 
phyll, which in regard to chemical processes represent intermediate steps 
between higher plants and animals, but the difference existing bet-ween the 
higher plants and animals is more of a quantitative than of a qualitative kind. 
Plants require oxygen as peremptorily as do animals. Like the animal, the 
plant also, in the dark and by means of those parts which are free from 
chlorophyll, takes up oxygen and eliminates carbon dioxide, while in the 
light the oxidation processes going on in the green parts are overshadowed 
or hidden beneath the more intense reduction processes. As in the animal, 
w^e also find a heat production in fermentation produced by plant organisms; 
and even in a few of the higher plants--~as the aroidece when bearing fruit — 
a considerable development of heat has been observed. On the otlier 
hand, in the animal organism,, besides, oxidation and splitting, reduction 
processes and syntheses also takes place. The contrast which seemingly 
exists between animals and plants consists merely in that in the animal 
organism; the processes of 03 ddatiQn,,and splitting are predominant, while 
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in the plant chiefly those of reduction and synthesis have thus far been 
studied. 

Wohler 1 in 1824 was the first to observe an example of synthetical 
PROCESSES within, the animal organism. He showed that 'when benzoic acid 
is introduced into the stomach it reappears as hippuric acid in the urine, 
after combining with gly cocoll (aminoacetic acid). Since the discover}^ of 
this synthesis, which may be expressed by the following ec(uation: 

CeHo.COOH + NH2.CH2.C00H==NH(C6H5^ 

Benzoic acid Glycocoll Hippuric acid 

and which is ordinarily considered as a type of an entire series of syntheses 
occurring in the body where water is eliminated, the number of known 
syntheses in the animal kingdom has increased considerably. Many of 
these syntheses have also been artificially produced outside of the organism, 
and numerous examples of animal syntheses of which the course is abso- 
lutely clear will be found in the following pages. Besides these well-studied 
syntheses, there occur in the animal body also similar processes unquestion- 
ably of the greatest importance to animal life, but of which we know 
nothing with positiveness. We enumerate as examples of this kind of 
synthesis the re-formation of the red-blood pigment (the haemoglobin), the 
formation of the different proteins from simpler substances, and the produc- 
tion of fat from carbohydrates. This last-mentioned process, the formation 
of fat from carbohydrates, is also an example of reduction processes 'which 
occur to a considerable extent in the- animal body. 

Formerly the vie'w was generally accepted that animal oxidation takes 
place in the fluids, while to-day we are of the opinion, derived from the 
investigations of Pfluger and his pupils,^ that it is connected with the 
form-elements and the tissues. The question as to how this oxidation in 
the form-elements is induced and how it proceeds cannot be ans’vv'ered with 
certainty. 

When a substance is oxidized by neutral oxygen at the ordinary tempera- 
ture or at the temperature of the body, the substance is said to be easily oxidized 
or autooxidized, and the process is considered as a direct oxidation or auto- 
oxidation, As the oxygen of the inspired air, and that of the blood, is neutral 
molecular oxygen, the old assumption that ozone occurs in the organism has 
now been discarded for several reasons. On the other hand, the chief groups 
of organic nutritives, carbohydrates, fat, and proteins, the last two forming 
the chief mass of the animal body, are, not autDoxidizable substances. They 
are on the contrary bradoxidizable (Traube) or dysoxidizabie bodies. 


* ^ Berzelius, Lehrb. d. Chemie, iibersetzt vdn-Wdhler, 4, p. 356, Abt. 1, Dresden, 1831« 

, 'Pfluger, ArchiV, 6 and lOy Mf. _ Oertmaim, tW.,' 

14 and 15; Hoppe-Seyler,«tWi>^v ' , . \ . -r , : 
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They are nearly indifferent to neutral oxygen, and it is therefore a question 
how an oxidation of these and other dysoxidizable bodies is possible in the 
animal body. 

In explanation it is very generally admitted that the oxygen is made 
active and this causes a secondary oxidation. It is generally conceded that 
in autooxidation a cleavage of neutral oxygen takes place. The autooxidiz- 
able substance splits the oxygen molecule and combines with one of the 
oxygen atoms, while the other free atom as active oxygen may oxidize the 
dysoxidizable substances simultaneously present. Such a subordinate 
oxidation is called an indirect or secondary oxidation. The explanation 
of animal oxidations has been attempted in different ways by the sup- 
position that the oxygen is made active and thus produces secondary 
oxidation. 

The cause of the animal oxidation is considered, by Pflugee and 
several other investigators, to be dependent upon the special constitution of 
the protoplasmic proteins or the living protoplasmic substance. This 
investigator calls the proteins outside of the organism, or those which 
occur in the animal fluids, non-living proteins,’^ and considers them to be 
somewhat different from those occurring in living protoplasm. The latter 
are called ^'living proteins^’ (Ppluger), “active proteins (Loew'), or “bio- 
gens’^ (Verworn). The living protoplasmic molecule differs from the 
ordinary non-living protein by being more unstable and therefore having a 
greater inclination towards intramolecular changes of the atoms. The 
reason for these greater intramolecular movements Pflugee ascribes to the 
presence of cyanogen, and Latham attributes it to the presence of a chain 
of cyanalcoliols in the protein molecule. Verworn, ^ on the contrary, claims 
an intramolecular introduction of oxygen into a large hypothetical proto- 
plasmic molecule, the “biogen molecule,’’ which is supposed to contain a 
nitrogen or an iron complex as an oxygen receptor or carrier, and a side- 
chain of aldehydic character like that of the carbohydrates, as an oxidizable 
group. 

According to Loew,^ who bases his claim upon special investigations 
and numerous toxicological observations, the unstability of the active 
proteid molecule is due to the simultaneous presence of aldehyde and 
unstable amino groups. These occur separated from each other in the 
active proteins, and when they combine the protoplasm dies, the molecule 
being changed into a stable condition, i.e., ,into dead protein. It is also 
a fact that all substances which react ^vith aldehyde and unstable amino 
groups are poisonous to the living cells. 

^ Pfluger, Pfitiger’s Archiv, 10; Latham,, Brit. Med. Journal, 1886-; Verwom, 
Die Biogenhypothese, Jena, 1903. 

^ Loew and Bokomy, PfliigePs ArchiV, ^5; O. Loew, ihid,^ SO; and specially 
0. Loew The Energy of Living Protbplasm London, 1896. 
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Loew has also shown, in conjunctiGn with Bokorny,^ in many 
plants a very unstable reserve-protein substance occurs, w^hich to a cer- 
tain extent occupies an intermediate position between protein and organized 
living substance. 

The explanation as to the oxidation process differs entirely accord- 
ing to the conception of the structure of the unstable protoplasmic mole- 
cule. If the living protoplasmic protein is not, like protein in the ordinary 
sense, indifferent to neutral oxygen, we can admit of a cleavage of the 
oxygen molecule by this change. The protein would be itself oxidized, 
W'hile on the other hand a secondary oxidation of other difficuitly oxidiza- 
ble substances could be brought about by the oxygen atoms set free. 

Another very widely diffused view exists in regard to the origin of the 
activity of the oxygen, namely, that by the decomposition processes in the 
tissues, reducing substances are formed which split the neutral oxygen 
molecule, uniting with one oxygen atom and setting the other free. 

The formation of reducing substances during fermentation and putre- 
faction is generally known. The butyric fermentation of dextrose in which 
hydrogen is set free — C 6 Hi 206 = C 4 H 802 4-2C02 4-2H2 — is an example of 
this kind. Another example is the appearance of nitrates in consequence 
of an oxidation of nitrogen in cases of putrefaction, which process is ordi- 
narily explained by the statement that reducing, easily oxiclizabie bodies 
are formed w^hich split oxygen molecules, liberating oxygen atoms which 
afterward oxidize the nitrogen. It is assumed also that the cells of the 
animal tissues and organs have the power, like these lower organisms 
W'hich produce fermentation and putrefaction, of causing splitting processes 
in which easily oxidizable substances, perhaps also nascent hydrogen 
(Hoppe-Seyler 1), are produced. 

In accordance woth what has been stated above on the oxidations of 
the animal body, primarily a cleavage of the organic constituents of the 
body takes place with the formation of readily oxidizable substances. 
The oxidation of these latter produces an activation of the ox.vgen and 
hence may also cause a secondary oxidation of dysoxidizable substances. 
The products formed by these splittings and oxidations may perhaps in 
part be burned within the body wdthout undergoing further cleavage, but 
more probably they must first undergo a further cleavage and then succumb 
to consecutive oxidations, until after repeated cleavages and oxidations 
the final products of metabolism are formed. 

An activation of the oxygen may be produced according to O. Nasse^ 
by a hydroxylization of the constituents of the protoplasm with the split- 
ting off of molecules of w'-ater. If benzaldehyde is shaken with w^ater and 


2 0. Nasse, Rostocker Zeittmgj No.'SM, 4891, and No. 363, 1895. 
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air, an oxidation of the benzaldehyde into benzoic acid takes place, while 
oxiclizable substances present at the same time may also be oxidized. 
The simultaneous presence of potassium iodide and starch or tincture of 
guaiaciim causes a blue coloration because the hydroxyl (OH) takes the 
place of the hydrogen in the aldehyde group^ and these two hydrogen 
atoms, one derived from the aldehyde and the other from the water, have 
a splitting action on the molecular oxygen. Nasse and Rosing^ have also 
found that certain varieties of protein have the property of being hydroxyl- 
ized in the presence of water. According to Nasse a whole series of oxida- 
tions in the animal body may be accounted for by the oxygen atoms set 
free in hydrox3dization similar to that of benzaldehyde. In opposition to 
this view we must remark that the oxidation of benzaldelwde to benzoic 
acid may also take place in other ways, thus by the intermediary formation 
of a peroxide (see Baeyer and Villiger; Engler and Weissberg^). 

By quantitative methods van't Hoff and his pupils^ have shown 
that molecular oxy^gen can be divided in two parts by certain autodxida-* 
tion processes. One of these unites with the autooxidizer and the other 
with a body simultaneously^ present but not directly oxidizable, which, ac- 
cording to the suggestion of Engler, ^ is called the acceptor, van't Hoff 
claims that the oxygen molecule dissociates at ordinary temperatures into 
minimum quantities of positively and negatively charged oxv’gen atoms, 
the ions of similar charge uniting with the autooxidizable substance, 
while the remaining ions oxidize the acceptor. Such a division of the 
oxygen into two halves has also been shown by other investigators, such 
as Manchot, Engler, and his collaborators.^ These investigators never- 
theless consider that autooxidation takes place in another way^, namelyq by 
the formation first of peroxides by the taking up of oxygen molecules. 

Traube ® has also expressed a similar view. According to him, in 
autodxidation we have to deal, in the first place, not with a cleavage of the 
oxygen, but wdth a splitting of water in which the hydroxyl groups of the 
water combine with the oxidizable substance, while the hydrogen atoms 
set free on the decomposition of the water unite with the neutral oxygen, 
forming hydrogen peroxide, which may naturally also have an oxidizing 
action. 

A + 2H2O + O2 - A ( 0 H )2 HoOo. 

^ E. Rosing, Untersuchungen iiber die Oxydation von Eiweiss in Gegeuwart von 
SehwefeL Inaug. Dissert. Rostock, 1891. 

^ Baeyer and Villiger, Ber. d. d. chem. Gesellsch, , S3,* Engler and Weissberg, 33. 

^ variT Hoff, Zeitschr. f. physikai. Chem., 16; Jorissen, Ber. d. d. chem. Gesellsch., 
SO, and Zeitschr. f. physikaL Chem,, 22 ; Ewan, 16. 

^ Ber. d. d. chem. Gesellsch., 33. * 

nianchot, Uber freiwillige Oxydation,. Leipsiig, 1900; Engler and Weissberg, 
Ber. d. d. chem, Gesellsch., 33; Engler aiid Frankenstein, 34. 

, d- d. chem. Gesellsch., lo, IS, 10,, -22,, tod 26. 
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According to the view of Engler and his collaborators; which corre- 
sponds in great measure with those of Bach and of MANCHOTd at least in 
the simplest cases direct autohxidation according to Engler), the 
oxygen molecules unite wdth the activating body (A), forming a peroxide- 
like substance which can give up one of the t-wo ox3’'gen atoms to an 
acceptor (B): 

A'i'02~A02 and A02AB==xA0*f-B0. 

If this is so, still we do not know' to wdiat extent such peroxides are 
formed in the oxidation in the living cell. The possibility of a production 
of peroxides, and also of hydrogen peroxide, in animal oxidation is still 
generally admitted, andCnoDAT and Bach ^ have indeed been able to sho-w 
a peroxide formation in plants. Still, if hydrogen peroxide were formed 
in such oxidations it would have no further physiological importance, 
according to Loew, because the animal and plant cells contain special 
enzymes, called by him catalases, which quickly decompose the hydrogen 
peroxide wdth the production of molecular oxygen. According to Loew^ 
the physiological importance of the catalases is to protect the cell from 
hydrogen peroxide, w'hich acts as a protoplasmic poison. 

Loew,^ who has also opposed the view as to the oxygen becoming active 
wdth the setting free of oxygen atoms, has sought for the reason of the 
oxidations in the unstable properties of the protoplasmic proteins. The 
active movement of the atoms wdthin the active protein molecule is trans- 
mitted to the oxygen and to the oxidizable substance, and when the dis- 
solution of the molecule has proceeded to a certain point the oxidation 
occurs by virtue of the chemical affinity. The reason for this unstable 
condition of living protein molecules has already been given above. 

ScHMiEDEBERG,^ wlio also denies the supposition that the oxygen 
becomes active, is of the view that the tissues by the mediation of the 
oxidations do not increase the oxidizing activity of the oxygen, but more 
probably act on the oxidizing substances, making them more susceptible 
to oxidation. 

All the views presented thus far assume a continuous oxidation of the 
primary active substance. The view has also been suggested that animal 
oxidation may be brought about by oxygen-carriers, i.e., by bodies which, 


^ Engler and Wild, Ber. d. d. chem, Geeellsch., 80; Bach, Le Moniteur scientihque, 
1897, and Compt. rend., 124; Manchot, 1. c. . 

2 Ber, d. d. chem. Geseilseh., 8o u. 86. 

^ Loew, U. 8, Dept, of Agriculture, Rep. 68, 1901, and Ber. d. d. chem. Gesellsch., 
85; in regard to the opposed views see Ghodat and Bach, 1. c., and Kastle and Loeven- 
hart, Amer. Chem. Joiim., 29. ■ ‘ „ 

^ 0. Loew, The Energy of Living Protoplasm, London, 1896. ■ ' / 
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according to the older views, without being oxidized themselves, act in an 
analogous manner to the nitric oxide in the manufacture of sulphuric acid 
by alternately taking up and giving off oxygen in the oxidation of dys- 
oxidizable bodies. Tbaube has for a long time explained the oxidations 
of the animarbody in this way, and he calls these questionable oxygen- 
carriers oxidation 

It has also been positively proved by the researches of Jaquet, Sal- 
KowsKi, Spitzer, Rohmann, Abelous and Biarnes, Bertrand, Bour- 
QUELOT, De Rey-Pailhade, Medwedew, Pohb, J acoby, Chodat and Bach,- 
and others that in the blood and different tissues of the animal body, as also 
in plant-cells, substances occur which have the property of causing certain 
oxidations and are therefore called oxidation ferments or The 

nature and mode of action of these bodies will be discussed elsewhere in 
this volume, hence it will be sufficient here to state that in general two 
different groups of oxidation ferments are recognized. The ferments of the 
first group, called primary or direct oxidases or simply oxidases^ transfer 
the oxygen of the air directly to other bodies. Those of the second group, 
the indirect oxidases or peroxidases^ are active only in the presence of a 
peroxide, as they set oxygen free from these latter by decomposition. 

The many different views in regard to the oxidation processes show 
us strikingly how little is positively known about these processes. There 
is no doubt that the animal body possesses in the so-called oxidation fer- 
ments important means of bringing about oxidative decomposition of various 
substances, and the occurrence of numerous intermediary metabolic prod- 
ucts in the animal body teaches us that the oxidation of the constituents 
of the body is not instantaneous and sudden, but takes place step by step, 
and hand in hand with cleavages. Most investigators are agreed that 
these decompositions are similar to certain oxidations studied by Drechsel ^ 
outside the animal body, where oxidations and reductions alternate in quick 
succession. The views are divided in regard to the manner and origin of 
this cooperative action.^ 

The oxidations in the animal body have long been designated as a 


^ M. Traube, Theorie der Fermentwirkungen, Berlin, 1858. 

^ Jaquet, Arch. f. exp. Path. u. Pharm., 29; Salkowski, Centralfol. f, d. med. Wis- 
sensch., 1892 and 1894, and Virchow’s Arch., 147; Spitzer, Pfliiger’s Arcliiv, 00 and 
07; Spitzer and Rohmann, Ber. d. deutsch. chem. Gesellsch., 28; Abelous et Biarnes, 
Arch, de physiol. (5), 7, 8, and 9, and Compt. rend. Soc. bioL, 46; Bertrand, Arch, de 
physiol. (5), 8, 9, and Compt. rend*., 122, 123, 124; Bourquelot, Compt. rend. Soc. 
bioL, 48, and Compt. rend., 123; Jacoby, Ergebnisse der Physiologie, Jahrg. I, Abt. 
1, which contains the literature of the subject ; Chodat and Bach, I. c. 

® Joum. t prakt, Chem. (N. F.), 22, 29, 38, and Festschrift fiir C. Ludwig, 1887. 

^ See M. Nenckk Arch, des sciences bioL de St. P4tersbourg, 1, 483; Abelous and 
Aloy, Compt. rend., 130, 137; Kastle and Elvove, Amer. Chem. Joum., 31; Underhill 
and Closson, Amer. Journ. of Physiol., 13. 
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combustion, and such a conception is easil};^ reconcilable with the above- 
mentioned views. In combustion in the ordinaiy sense, as, for example, 
the burning of wood or oil, we must not forget that the substances them- 
selves do not combine with oxygen. It is only after the action of heat 
has decomposed these bodies to a certain degree that the oxidation of the 
products of such decomposition takes place and is accompanied by the 
phenomenon of light. 

The essential source of heat and mechanical work developed in the 
organism is to be found in the oxidations. Chemical energy is transformed 
into the above-mentioned forms of energy in cleavage processes, where 
complicated chemical compounds are reduced to simpler ones, and there- 
fore the atoms change from an unstable to a stabler equilibrium, and 
stronger chemical affinities are satisfied. The animal body may also have 
a source of energy in the cleavage processes which are not dependent on 
the presence of free oxygen. The processes taking place in the living 
muscle are an example pf this kind. A removed muscle, wiiich gives off 
no oxygen when in a vacuum, may, as Hermann ^ has shown, work, at least 
for a time, in an atmosphere devoid of o^^ygen, and give off carbon dioxide 
at the same time. 

Cleavage processes which are accompanied by a decomposition of water 
and then a taking up of its constituents are called hydrolytic cleavages. 
These cleavages, which play an important r6Ie within the animal body, 
and which are most frequently met with in the processes of digestion, are 
exemplified by the transformation of starch into sugar and the splitting 
of neutral fats into the corresponding fatty acids and glycerine: 

C3H5(CisH3502)34-3H20 = C3H5(0H)3-f3(Ci8H3602). 

Tristearin Glycerine Stearic acid 

As a rule the hydrolytic cleavage processes as they occur in the animal 
body may be performed outside of it by means of higher temperatures 
with or without the simultaneous action of acids or alkalies. Considering 
the two above-mentioned examples, we know that starch is converted into 
sugar when it is boiled with dilute acids, and also that the fats are split 
into fatty acids and glycerine on heating them with caustic alkalies or by 
the action of superheated steam. The heat or the chemical reagents wiiich 
are used for the performance of these reactions would cause immediate 
death if applied to the living body. Consequently the animal organism 
must have other means at its. disposal which act similarly, but in such a 
manner that they may w-ork without endangering the life or normal con- 
stitution of the tissues. Such means have been recognized in the so-called 
unorganized ferments OT enzymes* , , _ , ‘ , 

IJntersuch. iiber den Stoffwecksel der Menschen, Berlin, 1867., ; ' : ; 
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Alcoholic fermentation and other processes of fermentation and putre-^ 
faction are dependent upon the presence of living organisms, ferment 
fungi, and splitting fungi of different kinds. The ordinary view, according 
to the researches of PxISTEUR, is that these processes are to be considered as 
phases of the life of these organisms. The name organized ferments or /er- 
ments has been given to such micro-organisms, of which ordinary yeast is an 
example. However, the same name has also been given to certain bodies 
or mixtures of bodies of unknown organic origin which are products of the 
chemical work within the cell, and which after they are removed from the 
cell still have their characteristic action. Such bodies — ^for example, malt 


diastase, rennin, and the digestive ferments — are capable in the very small- 
est quantity of causing a decomposition or cleavage in very considerable 
quantities of other substances, without entering into permanent chemical 
combination with the decomposed body or with any of the cleavage or 
decomposition products. These formless or unorganized ferments are 
generally called enzym.es, according to Kuhne. 

A ferment in a more restricted sense is therefore a living being, while 
an enzyme is a product of chemieal processes in the cell, a product which 
has an individuality even without the cell, and which may be active when 
separated from the cell. The splitting of invert-sugar into carbon dioxide 
and alcohol b}^ fermentation is a fermentative process closely connected 
with the life of the yeast. The inversion of cane-sugar is, on the contrary, 
an enzymotic process caused by one of the bodies or a mixture of bodies 
formed by the living ferment, which can*be severed from this ferment, and 
still remain active even after the death of the latter. Consequently fer- 
ments and enzymes are capable of manifesting a different behavior towards 
certain chemical reagents. Thus there exist a number of substances, 
among which we may mention arsenious acid, phenol, toluene, salicylic 
acid, boracic acid, sodium fluoride, chloroform, ether, and protoplasmic 
poisons, which in certain concentration kill ferments, but which do not 
noticeably impair the action of the enzymes. 

The above view as to the difference between ferments and enzymes lias 
lately been essentially shaken by the researches of E. Buchner ^ and his 
pupils. He has been able to obtain from beer-yeast, by grinding and 
strong pressure, a cell fluid rich in protein which when introduced into 


^ E. Buchner, Ber. d. deutsch. chem. Gesellsch., SiO and 31; E. Buchner and Rapp, 
ibid., 31, 32, 34; H. Buchner, Sit^ungsber. d. Gesellsch. f, MorphoL u. Physiol, in 
Mianchen, 13, 1897, part 1, which also cdntains the discussion on this topic. See also 
E. and H. Buchner and M. Hahn, Die 2;ymasegarung, Mtinchen, 1903; Stavenhagen, 
Ber. d. deutsch. chem. Gesellsch., 30; Albert and Buchner, ibid., 33; Buchner, ibid., 
33; Albert, ibid., .33; Albert, Buchner, and Bapp, ibid., 3o; in regard to the opposed 
views see Macfadyen, Morris, and Eowland,;.t6td., 33; Wroblewski, Centralbl. f. 

' Physiol, 13, and Joum. f. prakt. Chem.-:tN*;E0i 64.' 
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a solution of a fermentable sugar caused a violent fermentation. The 
objections raised from several sides that the fluid expressed still contained 
dissolved living cell substance has been so successfully answered by Buch- 
ner and his collaborators that there is at present no question but that 
alcoholic fermentation is caused by a special enzyme called zymase which 
is formed in the yeast-cell. 

As from the yeast-cell so also from other lower organisms, indeed from 
the lactic-acid bacilli and beer-vinegar bacteria, we have recently been able 
to isolate enzymes (E. Buchner and Meisenheimer, Herzog^) which,, 
produce the specific fermentative action of the mother organism. The 
question whether there exist ferment processes which, in PASTEURts sense, 
are the result of the biological phenomena connected with the metabolism 
of the micro-organism and which we can directly identify wnth the life 
processes, is very diflic u it to answer; hence for the present we have no 
foundation for a sharp cliff erentiation between the organized ferments and 
enzymes. The metabolic processes of the living organisms which vre 
recognize as fermentation phenomena must as a rule be ascribed to enzymes 
acting within the cell. If such processes are closely' connected with the 
life of the cell, then this is explained in part by the fact that this special 
enzyme is produced only by living cells and in part by the fact that it 
cannot be separated from the living cells or that it is readily destroyed on 
the death of the cell. 

All enzymes are organic substances formed in the cells, whose chemical 
nature has unfortunately not been established at the present time. Thus 
far no enz\'me has been prepared in a pure state with positiveness. The 
enzymes are considered as protein bodies by many investigators, but this 
opinion has not sufficient foundation, and is disputed at least for certain 
enzymes. It is indeed true that the enzymes isolated by certain investi- 
gators acted like genuine protein bodies; but it is uncertain whether or not 
the products isolated in these instances were pure enzymes or were com- 
posed of enzymes contaminated with proteins. 

The enzymes may be extracted from the cells and tissues by means of 
water or glycerine, especially by the latter, which forms very stable soiu- ; 

tions and hence is extensively used as a means of extracting them. The ^ 

enzymes, generally speaking, do not appear to be diffusible, and Bredig ^ i 

has given several reasons, which will be given later, for considering them i 

not as true solutions but rather colloidal ones. The enzymes are also I 

al^sorbed by other colloids and are carried down by fine precipitates, and I 

this property is extensively taken advantage of in their preparation.^ ' ' i 

. ' ’ I 

^ E. Buchner and J. Meisenheimer, Ber. d. d. chem. Geselisch., 36; Herzogs Zeitschr. l 

f/ physiol. Chem., S7.‘ ‘ • - ^ ' ' j 

^ Anorganische Fermente, Leipzig, T96l« 

® See Brucke, Wien. Sitzimgsber., 4^, IBdLt ' ; , j 
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The manner of combination of the enzymes with the colloids has not been 
explained and is no doubt not the same in all cases.^ They are precipitated 
from their solutions by alcohol. All enzymes lose their specific action on 
boiling their aqueous solutions, and this is generally considered as an im*“ 
portant criterion as to the ferment nature of a body. The continued heating 
of their solutions above 80"^ C. generally destroys the enzymes. In the 
dry state, however, certain enzymes may be heated to 100° or indeed 
to 150-160° C. without losing their activity. Light can also destroy en- 
.chymes in watery solution, as shown with malt diastase (Emmerling) and 
chymosin (Emmerling, ScHMmT-NiELSEN).^ 

The action of the enzymes may be markedly influenced by external con- 
ditions. The reaction of the liquid is of special importance. Certain 


enzymes act only in acid; others, and the majority, on the contrary, act 
only in neutral or alkaline liquids. Certain of them act in very faintly 
acid as well as in neutral or alkaline solutions, but best at a specific reac- 
tion. They are all destroyed by concentrated ribtineral acids and alkalies. 
The temperature exercises also a very important influence. In general 
the activity of enzymes increases to a certain limit with the temperature. 
This optimum is not always the same, but, as shown by Tammann, depends, 
like the destructive action of high temperatures, essentially upon the 
quantity of enzyme and other conditions. The products of the enzymotic 
processes exercise a retarding influence in proportion as they accumulate, 
and indeed the enzymotic process may thereby be entirely stopped. In 
such cases of false equilibrium^’ (Bredig) we may, as shown by Tam- 
mann, ^ often start the reaction again by removing the products of the re- 
action, by diluting with water, by raising the temperature, by the addition 
of more substance, or by the addition of more of the enzyme. The addition 
of neutral salts and other substances of various kinds has in some cases 
an accelerating, and in other cases a retarding action.^ 

The velocity of the enzyme action and the final condition at the conclu- 
sion of the enzymotic processes is not only dependent upon the reaction, 
the temperature, and the presence of transformation products or of foreign 
bodies, but also upon the amount of enzyme present and the concentration 
of the solution. The velocity increases regularly with an increase in the 
amount of enzyme, but not in the same proportion with all enz3uiies, as it 
has been shown for different enzymes that they require different times for 


^ Dauwe, Hofmeister’s Beitrage, 0. 

® Emmerling, Ber. d. d. chem. Oesellseh.,;S4;' Schmidt-Nielsen, Hofmeister’s Bei- 
' triige. 5* , ' , , 

^The work of Tammann may be found in Zeitschr. f. physiol. Chem., Id, and 
■ ;2eitsehr. f. physikaL Chem.,, 3 and IS. ■ 

^ See Fermi and Pemossi, Zeitsehn' f.. Hygiene, 18; also in regard to the enzymes 
in general see C. Oppenheimer, Die Fermehte, 2. Aufl., 1903. 
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action. This will be discussed later. The concentration of the solution 
is also of great importance, and the result of a change of this during enzy- 
motic action is of special importance in the study of the kinetics of enzyme 
reactions. 

We have no characteristic reactions for all enzymes in general, but 
each enzyme is characterized by its specific action and by the conditions 
under which it operates. Of special importance is, first, the fact that the 
enzymes do not form permanent chemical combinations in definite pro- 
portions by weight with the bodies upon wliich they act, or their decompo- 
sition products; and, secondly, that an insignificantly small amount of 
the enzyme can decompose a relatively enormous amount of substance. 
For instance, 1 part of invertin can invert 100,000 parts of cane-sugar 
(O’Sullivan and Thompson i), and 1 part of chymosin can in a short time 
decompose more than 400,000 parts of casein (Hammarsten^). This does 
not exclude the possibility of a primary, but temporary, combination of the 
enzymes with the substances acted upon. Such an assumption is, indeed, 
substantiated by the work of Hanriot, Henri, Armstrong,^ and others, 
while, according to Oppenheimer,^ we can represent ferment action as 
consisting of a first phase where combination of the enzyme and the sub- 
stance occurs, and a second phase where after this combination a chemical 
decomposition of the substance occurs according to the laws of catalysis. 
This view coincides best with the specificity of enzyme action. 

The specific action of the enzymes is of special importance, as one and 
the same enzyme acts only upon one substance or a definite group of sub- 
stances. Their action seems to be entirely dependent upon the stereo- 
metric construction of the substance acted upon, and we may assume 
that the enzyme attacks only specially arranged stereometric atomic 
groups, where the enzyme fits the substance in a manner similar to a key 
fitting a lock (E. Fischer). E. Fischer^ has given a positive proof for 
the great importance of a different stereometric configuration by his inves- 
tigations upon the artificially prepared series of stereoisomeric glucosides 
which he calls a- and /?-glucosides. The enzymes of yeast infusions act 
only upon the glucosides of the a-series, while emulsin, on the contrary, 
acts only upon those of the /?-series. 

Of especially great importance for a deeper insight into the manner 
of enzyme action, w^e must mention the investigations which have been 


^ O’Sullivan and Thompson, Joiim. of Chem. Soc., 57. 

2 See Malyhs Jahresbericht, 7. . ; 

^ Hanriot, Comp t. rend., 132; Henri, Lois g^n^rales de Paction des diastases, Paris, 
1503, and Arch, di FisioL, 1 and 2; Armstrong, Proc. Roy. Soc. London, 73, 
Fermente, 2. Aufi., 1903„;p;'66. ' ; , , c , V ; , - 

®Zeitschr, f. physioL Chem.,^ 26. ^ . V ^ r-' ^ 
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carried on recently on the relationship of inorganic catalyzers to the 
enzymes, which have thrown light upon the correspondence between 
catalysis and enzyme action. The catalyzers, like the enzymes or their 
derivatives, are not found in the final products of the reaction, they are not 
used up in the process, and the quantity of the active substance propor- 
tionate to the quantity of substance transformed is infinitesimally small 
in enzyme action as well as in catalysis. In both, the reaction velocity 
also seems to be indej^endent of the quantity of the active substance added, 
and this indicates that the enz3^me action is not to be considered as the 
starting of a reaction which would not of itself take place, but rather as 
an acceleration of a slowly proceeding, often not noticeable, chemical 
change. According to this conception enzyme action comes in line with 
catalysis, for, according to Ostwald,i bodies are called catalyzers which 
by their presence cause a change in the reaction velocity of chemical proc- 
esses, and indeed positive or negative, according as they produce accelera- 
tion or retardation. The striking correspondence between enzymes and 
inorganic catalyzers has been shown especially by Bredig and his collabo- 
rators, V. Bernek, Ikeda, and Reinders,^ by their very important in- 
vestigations. 

Bredig has been able to prepare colloidal solutions of platinum, gold, 
and silver by allowing the electric arc to play between two poles of the 
respective metal beneath water. These solutions of colloidal metals, 
metallic sols, show" in their activity and the dependence of this activity 
upon external influences, and especially in their destruction by poisons, 
such strong resemblance to the enzymes that Bredig has indeed called them 
inorganic ferments. ^ 

Still it is nevertheless true that the manner of action of catalyzers 
has not been explained, and we must be careful not to draw too positive 
conclusions from the remarkable correspondence of the manner of action 
of metallic sols and certain ferments. In studying the action of enzymes 
one is repeatedly struck with the marked deviation from the law^s of reac- 
tion underlying inorganic catalyzers,^ and this has called forth a series 
of hypotheses and attempts at explanation, w^hich on account of space 
cannot be entered into, but we must refer the reader to special works on 
the subject. On the other hand, we must not forget that the enzymes are 
not pure substances, but are habitually mixtures w"hose action may be 


^ Grundriss d. ailgemein. Cliemie, 3. Aufl,, 1899, 

*“*See Bredig, Anorganische Fermente,' Leipzig, 1901, and also Die Elemente d, 
chemischen Kinetik, etc,, Ergebnisse der Physiplpgie, Jahrg. I, Abt. 1, 1902. 

, ®See Brown and Glendinning, Proov Oheih, Soc. 18, 1902; Tammann, 2;eitschr. i, 
physikal, Chem., S and 18, and ^eitschr. i, physiol Chem., 1(>; Henri, Zeitschr. f. 
physikal Chem., 89, and Lois g^n^rales, etc, - See also the work of H. Euler, Zeitschr. 
L physiol Chem. , 45. U 
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modified by an apparently insignificant admixture, and for this reason 
the study of the mode of action is made very difficult. Although the 
question as to whether enzymes follow the same laws as the inorganic 
catalyzers is still an open one, nevertheless we know that in a great 
many regards the enzymes correspond with catalyzers. The comparison 
of these two has opened up in the study of enzyme action new points 
of elucidation and attack which have been very fruitful in result, and 
which have no doubt helped very much in the explanation of these difficult 


questions. 

It is not within the scope of this book to enter more in detail into the 
various theories of catalysis. Still it seems important at least to present 
in a few words one of these, namely, that of H. v. Euler.^ This theory 
explains the mode of action of enzymes and the inorganic catalyzers by 
assuming an increased concentration of the active molecules producing the 
reaction, i.e., by increasing the ions occurring in the solution. 

The action of enzymes presupposes the presence of water, and the best- 
studied enzymotic processes, the hydrolyses, are comparable with the 

action of acids and bases, i.e., the action of H and HO ions. In the hydroly- 
ses by enzymes an activation of the water takes place, and the assumption 

that the enzymes act by an increased concentration of the H and HO, ions, . 
which bring about the reaction, seems to be attractive. The enzymes 
acting analogously to mineral acids have been assumed, according to this 

view, to be producers of H ions, which strongly accelerate cleavages which 
would otherwise take place very slowly or with immeasurable velocity. 
This explanation may, as developed by Friedenthal,^ be applied to the 
oxidation enzymes, the oxidases, which -will be treated of later. Water is 
also imperative for animal oxidations, and the reaction of the fluid is in this 
case also important because oxidations are regularly accelerated by an 

alkaline reaction, i.e., by the presence of HO ions. We can, according to 
Friebenthal, consider the oxidases as producers of hydroxyl ions, just as 
we can consider pepsin as a producer of hydrogen ions. It is apparent that 
this view, that the oxidases are producers of hydroxyl ions, is in harmony 
with the previously mentioned views of Traube and Nasse,^ that , the 
hydroxyl ions of the \yater Combine with the oxidizable substance. 

An enzyme is an organic substance, formed in an animal or plant cell, 
which is destroyed by heating its aqueous solution and which acts like the 
catalyzers, but only upon certain bodies. Some restriction must be put 
to this, as the ceils do not always produce a complete enzyme, but oftener 
only the mother-substance thereof. : These mother-substances of the 
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enzymes are called proenzymes or zymogens. The zymogens are under 
certain conditions converted into enzymes, and in certain cases this is 
brought about by the special action of bodies called fcmabvs, whicli luive 
been little studied (see Chapters VI and IX). 

The enzymes are, as above mentioned, not characterized by ehemicui! 
reactions in the ordinary sense, but by their action. From this stand- 
point most of the enzymes which have been studied can be divided into 
two chief groups, namely, those enzymes • having a hydrolytic action and 
those having an oxidizing action. 

Among the hydrolytic enzymes "we must mention in the first place the 
proteolytic or those which dissolve proteid, whose representatives, pepsin and 
trypsin, occur in the animal kingdom; the lipolytic or fat-splitting; and 
the aniylolytic or diastatic enzymes, which act upon the starches. In this 
group we must include the invertases^ which split the disaccharides into 
simpler forms of sugar. In close relationslhp to these enzymes we may 
mention the glucoside-splitting enzymes, which occur especially in the 
higher plants. Among the hydrolytic enzymes of the animal kingdom 
we must also include ar^mase, vrhich splits arginine into urea and ornithine; 
the two desandnating enzymes adenase and gitanase, which conveit the two 
bodies adenine and guanine, with the splitting off of ammonia, into hypo- 
xanthine and xanthine respectively; and the hippuriC“acid-splitting/i'is^o<2:?/M 
and the urea-splitting urease. The pyroteid-coagulating enzymes, chymosin 
or casein-coagulating, and thrombin or blood-coagulating enzyme, belong to 
a special though not clearly defined group. 

The best-known and most carefully studied enzyme actions, the hydroly- 
ses, are exothermal processes, and therefore the sum of the new products 
produced has a lower heat of combustion than the original substaiiee. 
Now, as syntheses are generally endothermal reactions, i.e., are processes 
requiring a taking up of heat where external energy must be supplied l^efore 
they take place, and also as the enzymes are not a source of energy, it 
used to be generally considered that the enzymes could not bring about 
any syntheses. This view is nevertheless imtenable, and it has also been 
showm that enz3unotic h^^drolyses may be reversible processes which pro- 
duce syntheses. Croft Hill has shown that maltase, which, as is well 
known, has a splitting action upon maltose, also has the power of regener- 
ating from glucose tw^o isomeric bioses, one a new body called revertose and 
another which is probably maltose (see also Emmebling^). E. Fischer 
and E. F. Armstrong^ were able to obtain a dissaccharide, isolactose^ 
from galactose and glucose by means of kephir lactase. Hanriot,*"* Kastle 

^ Hill, Ber. d. d. chem Gesclkch,, and Transactions Chem. Society, 1903, 83; 
Emmeriing, Ber. d. d. chem, Geselisch., ^ 

2 Ber. d. d. chem. Geselisch., 35* ’ ■ , ■ \ 

® Compt, rend., iS2,.- . 
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and Loevenhart ^ have shovn that the lipases can bring about syntheses^ 
and finally Emmerling ^ has been able to synthesize amygdalin from man- 
delic-acid-nitriie glucoside and glucose by means of the yeast maltase. 
According to Abelous and Ribaijt^ the pig and horse kidneys contain 
an enzyme which produces hippuric acid from benzyl alcohol and glycocolL 
These investigators are of the opinion that the benzyl alcohol is first oxi- 
dized to benzoic acid and then that the synthesis is brought about by the 
aid of the energy set free in this process. There is more and more tendency 
to accept the view that the intracellular enzymes, which will be discussed 
later, are of importance for the syntheses in the animal bod}^ 

The second group of enzymes include the so-called oxidation fennents^ 
which, as above remarked, are recognized as of great importance in bringing 
about oxidations in the animal body. These enzymes do not ail act in the 
same w’ay, and correspondingly we differentiate between direct oxidases 
or oxidases proper, and indirect oxidases or peroxidases. Certain inves- 
tigators include among the oxidation enzymes still a third group, the 
catalases, which split peroxides into hydrogen and oxygen. 

Those enzymes wrhich transfer oxygen to other bodies and oxidize 
them are called oxidases or direct oxidases. Peroxidases or indirect oxi- 
dases are, on the contrary, enzymes having an oxidizing action only in the 
presence of hydroperoxides or another peroxide, as they decompose the 
peroxide and bring about oxidation by the oxygen set free. Correspondingly 
the oxidases turn tincture of guaiacum blue directly, while the peroxidases 
only have this action in the presence of a peroxide. The catalases do not 
give any reaction with guaiacum either directly or indirectly in the presence 
of peroxides. 

According to the investigations of Bach and Chodat ^ the conditions are 
otherwise. According to the observations they have made upon plants, 
there exist no oxidases and what has been described under this name is 
only a mixture of ox3^genases and peroxidases. The oxygenases are 
of a protein nature, contain manganese or iron, and are converted into 
peroxides after taking up oxygen. These peroxides themselves have 
only a slight oxidizing power but are made active b}’' the peroxidases. 
The peroxidases, which do not have the slightest oxidizing power in the 
absence of peroxides, are not proteins. In oxidation, according to the 
hxT-pothesis of Bach and Chodat, the molecular oxygen is first converted 
by the oxygenase into peroxide. This peroxide is activated by the peroxi- 
dase and then has strong oxidizing power. The oxidizing power of the 


® Compt. rend. Soe. bioL, Malyhs Jahresber., so. - ^ 

Centralbk^T> PP: ^17 and A 57 . 
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so-called direct oxidases is brought about by a combined action of the 
oxygenases and peroxidases. 

The chemical nature of the oxidation enzymes is still unknown, and 
the statements on this subject are very contradictory. Certain oxidases 
are supposed to be nucleoproteids (Spitzer), others globulins (Abelous 
and Biarnes), and still others, like the liver aldehydase (Jacoby) and 
laccase (Bertrand), are of a non-protein nature. The materials upb}i 
which the oxidation enzymes act may also be very different from each 
other. Thus the oxidases studied by Rohmann and Spitzer may by 
synthetical oxidation produce indophenol from a-naphthol and p-phenyl- 
enediamine in the presence of alkali. The salicylase or aldehydase detected 
in the liver and many other organs oxidizes many aldehydes to their cor- 
responding acids, but does not give the indophenol reaction. The laccase 
isolated by Bertrand from the juice of the lac-tree has an oxidizing action 
upon polyhydric p-phenols, such as hydroquinone, but not upon tyrosine. 
The bodies called tyrosinases, first found by Bertrand ^ in certain fungi 
and later also found by Biedermann, v. Furth, and Schneider in the 
animal kingdom, have, on the contrary, an action upon tyrosine, converting 
it into homogentisic acid (Gonnermann 2) or other colored compounds. 
Another oxidase occurring in the liver and spleen, and called xanthine 
oxidase by Burian, has the property, as shown by Spitzer, Wiener, 
ScHiTTENHELM, and BuRiAN,^ of transforming xanthine and hypoxanthine 
into uric acid by oxidation. 

The oxidases and peroxidases as w^ell as the catalases occur very widely 
distributed in the animal and plant kingdoms. 

Like other enzymes, the oxidation enzymes show also a pronounced 
specificity; thus a certain oxidase, for instance laccase, oxidizes only certain 
substances and not others. This behavior, which is difficult of explana- 
tion according to the common hypotheses as to the action of oxidation 
enzymes, indicates, according to Medwedew,^ that in the oxidation the 
active substances do not act upon the oxygen, but rather upon the sub- 
stance to be oxidized. We cannot at present give any statement as to 
the extent of action of the oxidation enzymes in the oxidations of the ani- 
mal bod3q and it is still a question whether in all cases where oxidation 
enzymes have been claimed to have been found we were actually dealing 
with enzymes. 


^ In regard to the work of the various authors cited, see foot-note, p. S. 

® Biedermann, Pfiugeris Archiv,72; v. Ftirth and Schneider, Hofmeister^s Beitnige, 
1; Gdnnermann, Pfiiigeris Archiv, 82; 

® Spitzer, Pfiuger’s Archiv, 70; Wienerj Arch. f. exp. Path. u. Pharm., 42; Schit* 
tenhelm, Zeitschr. f. physiol. Chem.j 42 and'4S:;, Burian, ibid., 43. 

/. ' Pfliageris Archiv, 81. , ' . ■ , ■ 
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In mvestigations with h3Tdroperoxides and vegetable peroxidases Bach 
and Chodat ^ found that peroxides and peroxidases always took part in 
the reaction in constant proportions, and that the peroxidases were quickly 
used up, which certainly does not indicate that these bodies have an enzy- 
motic nature. Aso ^ has also shown that in certain cases where an apparent 
oxidase action was present very probably we were dealing only with nitrites 
which were present; and finally, attention must be called to the fact that 
manganese or iron, sometimes in considerable amounts, has been found 
in many oxidases. As manganous and ferrous salts are active as cataly- 
zers in certain other oxidations, so also in certain eases important roles 
as oxygen-carriers have been ascribed to these metals, for instance in 
laccase, which contains manganese (Bertrand), and the oxidases contain- 
ing iron (Spitzer's nucleoproteid). Manchot'^ by his work on the auto- 
oxidation of ferrous sulphate has called attention to the apparently great 
importance of iron for physiological oxidations, and the work of Trillat,^ 
who has prepared colloidal solutions of protein-manganese which had 
great similarity to oxidase solutions, is also of special interest. 

Our knowledge of the reducing enzymes,^ the so-called reductases or 
hydrogenases, is even still more meagre. Certain investigators claim that 
the so-called 'philothions, which develop hydrogen sulphide in the presence 
of sulphur and water, belong to this group, while others, on the contrary, 
do not accept this view and consider the enzymotic nature of the philothions 
as doubtful.® There is no doubt that reductions occur to a great extent 
in the animal body and often hand in hand "viith oxidations; ne^^ertheless 
the question as to how far special reduction enzymes take part in these 
reductions is still an open one. According to Abelous and Alov " -we have 
indeed enzymes that have an oxidizing as well as a reducing action, for 
they obtain the oxygen necessary for the oxidation of one body by remo^'ing 
it from another substance through reduction. 

The property of decomposing h^^drogeii peroxide has been observed with 
many enzymes, but this property does not belong to them,® depending 


^ Ber, d. d. chem. Geseiisch., S7. 

^ Beihefte zum botan. CentralbL, 18. 

® Zeitschr. f. anorg. Chem., 27. 

^ Compt. rend., 137, 138. 

® Abelous and Gerard, Compt. rend., 120; Pozzi-Escot, Bull. Soc. cMm. (3), 27. 

®De Rey-Paiihade, R.echerches exp4r, sur le Philo thion, etc., Paris (G. Masson), 
1891, and Nouvelles recherches siir le Philothioni Paris (G. Masson), 1892; Pozzi-Escot, 
L c., and Chem. CentralbL, 1904, 1, S. 1645; Chodat and Bach, Ber. d. d. chem. 
Geseiisch., 36; Abelous and Ribaut, Compt. rend., 137., and Bulk Soc. chim., Paris (3), 
3L ' ' " ' ^ ^ : 

^ ^ Compt. rend., 136, 137, and 138.,' ■' 

®See AL Schmidt, Zur Blutlehre, Iieipzig, 1892; Jacobson, Zeitschr, f, physiol 
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rather upon another enzyme, a catalase, which often adheres to other 
enzymes as an impurity. The catalases were first closely studied by O. 
Loew,^ and he has investigated two different catalases— -the a- and /9-catalase. 
The first, which is not soluble in water, is a nucleoproteid, while the other, 
^9-catalase, is soluble in water and is a proteose. 

The catalases, whose action consists in decomposing hydrogen peroxide 
into oxygen and hydrogen, occur widely diffused in the animal and plant 
kingdoms. According to L. Lieeeemann^ the fatty tissues among the 
animal structures seem to be richest in catalases, an observation which has 
been substantiated and developed by Eulek.^ The liver, kidneys, and 
spleen are relatively rich in catalases, while the brain and muscles are 


poor therein: still the proportions vary somewhat for different varieties 
of animals.^ As has long been known, the blood also contains a catalase, 
which has been called hmnase by Senter.^ 

The physiological importance of the catalases is still unknown. Ac- 
cording to Loew ® they have the function of destroying the hydrogen per- 
oxide, which occurs perhaps as an intermediary product in oxidations and 
which has a destructive action as protoplasmic poison; but this assumption 
is disputed by Euler and others. Euler calls attention to the parallelism 
w^hich exists betw^een the fat-splitting and the peroxide-splitting action of 
plant and animal extracts and claims that the lipolytic extracts have the 
property of decomposing hydrogen peroxide. 

The glycolytic or sugar-destroying enzyme, which occurs in the blood 
and tissues and which takes part in the decomposition of the sugars, stands 
in close relationship to the oxidases. We will discuss this enzyme in a 
following chapter in speaking of glycosuria and the question of diabetes, 
and it is here sufficient to remark that certain investigators, like Spitzer, 
consider this enzyme as an oxidase, while others, on the contrary, consider 
the decomposition of the sugar in the tissues to be a process analogous to 
alcoholic fermentation. 

Alcoholic fermentation by means of yeast or zymase is not an oxidation 
in the ordinary sense, where the sugar takes up free oxygen. It is rather 
an internal oxidation wliere a part of the molecule is oxidized at the cost 


^ U, S. Dept, of Agriculture, Eep. 68, Washington, 1901, and Ber. d. d. chem. 
Gesellsch., S5. 

® Pfiiigeds Arch.,. 104. 

< ® Hofmeister’s Beitrlige, 7, which also gives the references to the literature. 

* See Batteili and Stern, Compt. rend.> 138; Battelli and Haliff, Compt. rend. Soc. 
bioL,;57. " , , : 

, ® Senter, Zeitschr, f . physikaL Chem., 44, also A. Jolles and Oppenheim, Virchow^s 
Arch., 180; Ville and Moitesnier,,. Bull. Soc. chim. (3), 20; A. Rosenbaum, Salkow- 
' ' ski’s 'Festschrift, 1904. ; 

' , ® See foot-note, 3, p., 7. . 

^ Hofmeister’s Beitrage, 7*:.- 
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of anotlier partj and finally a destruction into alcohol and carbon dioxide 
takes place. According to the recent investigations of Buchner and 
|||;,. . , Meisenheimer,,Stoklasa, and Maz]^,^ we are dealing here with the' united, 

action of two enzymes, one the lactolase (Stoklasa) or lactacidase (Buch- 
; "NER and Meisenheimer), which converts the sugar into lactic acid, while' 
the other, the zymase (Buchner and Meisenheimer) or afcoMasc (Stok- 
iliASa), splits the lactic acid into alcohol and carbon dioxide. According to 
several investigators, the sugar passes into lactic acid, with methylglyoxal, 
CH3.CG.CHO, as an intermediary bod3^ 

Stoklasa and his collaborators ^ believe that an alcoholic fermentation 
^ by means of a zymase or perhaps a mixture of the two above-mentioned 

enzymes, lactolase and alcoholase, also takes place in animal tissues. Ob- 
jections to these investigations have been made by vSeveral experimenters 
who claim essentially that in these cases we are dealing only with the action 
of micro-organisms.^ Hammarsten considers that the views of Stoklasa 
and his collaborators have not been disproved, and one cannot exclude the 
possibility that an alcoholic fermentation may also occur in the animal 
tissues in anaerobic respiration. 

The enzymes, in certain instances, may also act upon one another, and 
as an example of this kind of action we may mention Buchner's z^^mase, 
which can be destroyed by the proteolytic enzyme of the yeast-cells. Pepsin, 
which has a destructive action upon diastases and especially upon trypsin, 
is another example. Of special interest is the action of the anti-enzymes 
‘ ■ upon the enzymes, which consists in retarding or arresting the specific 

action of the enzyme by a corresponding anti-body. This subject will be 
; discussed later. 

Unfortunately considerable confusion exists in the nomenclature of the 
enzymes. In most cases the enzyme is named after the substance upon which 
it acts, thus amylase, lipase, arginase, urease; in other cases according to its 
action, thus oxidase, reductase; while in certain cases the products produced 
are the basis for the name, thus alcoholase, lactacidase, glucase- In order to 
obtain a clear and concise nomenclature of the enzymes v. Lippmann has suggested 
that we construct the name of the enzyme out of two words, one of which rep- 
resents the substance acted upon by the enzyme, while the second is the im- 
portant or chief product produced by the enzyme. Thus maltoglucase is an 
: enzyme which produces d-glucose from maltose, am^drnaitase one that forms 

maltose from starch (amyium), etc. 


^ Buchner and Meisenheimer, Ber, d. d. chem. Geseilsch., 37 and 38; Stoklasa, 
Ber. d. d. botan. Geseilsch., 22, pp. 358 and 460; Maz6, Compt. rend., 138. 

^HofmeistePs Beitrage, 8; CentralbL f. Physiol,, 16, 17, 18; Ber. d. d. chem, 
Geseilsch., 38; see also Czerny, ihid]^ 36, with Jelinek, Simacek, and Vitek, Pflnger's 
‘ Arch., 101. 

® See the work of O. Cohnheim, Zeitschr. f. physiol. Chem., 33, 42, 43; Battelli, 
I'/, Compt. rend., 137 ;_„Portier, Compt. rend. Boc. hioLy 57,; 

‘ ^ ^ Ber. d. d. chem. Geseilsch*, 36/; " ■ A ’ -J ‘v ' ' '• 
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INTBODUCTION. 


Many enzymes are secreted by the cells as such or as proenzymes. They 
act outside of the cells in which they were formed, or they act after having 
been transformed into the enzyme, and hence are called secretion enzymes 
or extracellular enzymes. 

Besides these extracellular enzymes we also have another group which 
act wdthin the cells, hence are intracellular and therefore are called intra- 
cellular enzymes or endoenzymes. Numerous enzymes besides the yeast 
zymase belong to this group, and seemingh^ also oxidases and enzymes 
having hydrolytic action. The best studied of this group are the proteo- 
lytic enzymes, which were first observed by Salko’Wski and his pupils, and 
which bring about the seif-digestion or autodigestion of organs in the 
absence of micro-organisms. This autodigestion has been the subject of 
numerous investigations, principally by the Hofmeistkr school and espe- 
cially by Jacoby.^ The latter has given the name autolysis to the process, 
and he has shown that the enzymes taking part in this action do not come 
from the digestive tract and are not pepsin or trypsin taken up by the 
cells. In autolysis we are not only dealing with a proteolysis, but several 
other processes occur, such as the splitting of fats and carbohydrates, oxi- 
dations and reductions, and perhaps also syntheses. 

We therefore generally designate as autolysis all the enzyme actions 
which take place in removed organs or fluids without the aid of micro- 
organisms, but it must not be forgotten that autolytic processes may also 
ocour intra vitam under certain conditions. The combined action of 
various enzymes in autolysis also explains to us \vhy, as especially shown by 
Levene and by Jones, ^ the products obtained by the hydrolytic cleavage 
of an organ by means of an acid are somewhat different from those products 
produced on autolysis. 

It is at present impossible to. state what part autolytic processes take in 
life under physiological conditions, and we can have onl}^ conjectures on 
this subject. In the aiitolysis of a removed organ or of one through which 
the blood is not flowing, the conditions in many Ways are quite different 
from the conditions in life. The products which appear after weeks or 
months of autolysis, sometimes in very small quantities, do not give any 
clue to the nature of the processes, and conclusions must be drawn very 
carefully from these results. 

The post-mortem autolyses, as far as studied, are chiefly proteolyses, 
but we must not forget that the enzymes taking part are in man}^ cases 
most active in acid reaction, while they have only a weak action or are 

^ A complete summary of the literature .pf. intracellular enzymes and autolysis may 
be found in Jacoby, Uber die Bedeutun g def intrazeilularen Fermente, etc., Ergeb- 
nisse der Physiologie, Jahrg. I, Abt.U , 1902.. 

2 Levene, Amer, Joum. of PhysipL, ll and 12, and Zeitschr. t physiol Ghem., 41; 
WWones, tW. 42. ■ • 
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inactive in neutral or alkaline reaction. The observations of Lane-Claypon 
and ScHRYVER^^ that the autolysis of the liver and kidney begins only after : 

a latent period of from two to four hours subsequent to the removal of the 
organ/ are also of interest. It is possible that this is due to the fact that the 
enzymes are first formed from the proenzymes after the death of the organ, 
or perhaps certain conditions tending to retard the enzymotic action are 
removed. Recent investigations of Wiener^ show that the post-mortem 
formation of acid is the important factor in this. It is difficuit to judge of 
the importance of the autolyticaliy active proteolytic enzymes for the 
physiological life of the ceils, but there does not seem to be any doubt as to 
the importance of these enzymes in pathological conditions. 

The changes of the liver and blood in acute phosphorus intoxication 
and in acute yellow atrophy of the liver, where we find in the urine the 
enzymotic decomposition products of the proteins, are examples of an 
intra vitam autoiysis which is considered by some as an abnormal rise in 
the physiological autolj^sis. Another example is the solution of pneumonic 
infiltrations by the enzymes of the migrated and inclosed leucocytes as 
studied by Fr. jMuller,^ end this is at the same time an example of hete- 
rolysis, i.e., of a solution or a destruction in an organ by enzymes not 
belonging therein but introduced from without. An autoh^sis, although not 
very marked, occurs in those organs or parts of organs which have not 
been normally nourished because of a disturbance in the circulation, and 
they are gradually consumed by this action. The part injured undergoes 
solution, while the healthy part remains unattacked. By this solvent 
action as well as by the formation of bactericidal bodies, as observed by i 

CoNRADi,^ and of antitoxins (Blum by means of autolysis, we can consider 
this autolysis as a remedy and perhaps also as a protective agent for the 
animal body. ■ 

For the present it is impossible to judge of the importance of the ; 

enzymes active in autolysis for physiological conditions, but this does 
not exclude the possibility that in normal cell life the enzymes play a 
very important role. Numerous observations show this to be true, and | 

we tend more and more toward the view that the chemical transforma- ! 

tions in the living cells are brought about by enzymes and that these latter ■ 

are to be considered as the chemical tools of the cells (Hofmeister ar.d i 

others^). \ 

— .I.... — ^ ^ y*T” ' , ^ ^ 

1 Joum. of Physiol, Zl. , ; 

2 CentralbL f. Physiol, 19, p. 349*. ‘ 

® Verhandl d. naturforsch. Geseilsch. 2 !U Basel, 1901. See also O. Simon, Deutsch. I 

Arch. f. kiin, Med., 1901. , * I 

. , ® F. Hofmeister, Die'’ chemische Or^amsatipn der jZtelle, Braunschweig, 1901.; •>, ■ ■ ^ 



24 INTRODUCTION. 

As above stated, the chemical processes in animals and plants do not 
stand in opposition to each other; they, offer differences indeed, but still 
they are of the same kind from a qualitative standpoint. Pflugek says 
that there exists a blood-relationship between all living cells of the animal 
and vegetable kingdoms, and that they originate from the same root. 
The animal body is a complex of cells, hence study of the chemical pro- 
cesses must not only be made upon higher plants but also upon unicellular 
organisms in order that we get a proper explanation of the chemical 
processes in the animal organism. Although a biochemical study of the 
micro-organisms is very important, we must bear in mind also the important 
role played by such organisms in animal life, chiefly as exciters of disease; 
hence the study of the conditions of life of these micro-organisms and the 
products produced by them must be of infinite importance in their chemical 
investigation. 

The products produced by micro-organisms may be of, very different 
kinds. Among the substances produced in the decomposition of animal 
fluids and tissues by putrefactive organisms we find those having, a 
basic nature. To this class belong the cadaver alkaloids called 'ptomaines^ 
first found by Selmi in human cadavers and then specially studied by 
Brieger and Gautier.^ Certain of these are poisonous, designated as tox- 
ines, while the others are non-poisonous. They all belong to the aliphatic 
compounds and generally do not contain oxygen. As an example of 
these basic substances we must mention the two diamines, cadaverine or 
pentamethylenediamine, C5H]4N2, and putrescine or tetramethylenediamine, 
C4 Hi 2N2, which have awakened special interest because they occur in the 
contents of the intestine and in the urine in certain pathological condi- 
tions, especially in cholera and cystinuria.^ Among the bodies produced 
by putrefaction, the bacterial poison sepsine, C5H14N2O2, recently isolated 
by E. Faust, ^ is of especially great interest because to this substance we 
ascribe the characteristic toxic action of putrefactive masses. Sepsine was 
prepared by Faust as a crystalline sulphate which on repeated evaporation 
of its solution was readily converted into cadaverine sulphate. 

Those substances of basic nature which are incessantly and regularly 
produced as products of the decomposition of the protein substances in 
the living organism, and which therefore are to be considered as products 
of the physiological metabolism, have been called leuco'rnaines by Gautier 


^ Selmi, Sulie ptomaine od alcaioidi cadaverid e loro importanza in tossicologia, 
Bologna, 1878; Ber, d. deutsch. chem. Gesellsch., 11, Correspond, by H. 

Brieger, Ueber Ptomaine, Parts 1, 2, and, Berlin, 1885-1886; A. Gautier, Traitd 
de chimie appliquc^e k la physiologie, 2, 1873, and Compt. rend., 94. 

^See Brieger, Berlin, klin. Wochenschri,.1887; Baumann and XJdransky, Zeitschr. 
f. physioL Chem., 13 and 15; Brieger and Stadthagen, Berlin, kiin. Woohenschr., 1889. 
® Arch. f. exp. Pat Pharm.,/51.,' /.-.n 
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in contradistmction to the ptomaines and toxines produced by micro- 
organisms. These bodies, to which belong several well-known animal 
extractives, were isolated by Gautier ^ from animal tissues such as the 
muscles. The hitherto known leucomaines, of which a few are poisonous 
in small amounts, belong to the choline, the uric acid, and the creatinine 
groups. 

The leucomaines are considered as being of certain importance in caus- 
ing disease. It has been contended that when these bodies accumulate on 
account of an incomplete excretion or oxidation in the system, an auto- 
intoxication may be produced (Bouchard and others 2). 

Of especially great interest are the toxines which are found in the higher 
plants and animals, like the jequirity-bean and castor-seed, in the poison 
of snakes and spiders, in blood-serum, etc., and particularly those produced 
by pathogenic micro-organisms which have an unmistakable relationship 
to the enzymes. A closer study of these various bodies, lysines, agglutinines, 
toxines, etc., as well as of the antitoxines and the theory of immunity, does 
not lie within the scope of this work, and although the subject is of the 
greatest importance, it cannot be treated here. We can only call atten- 
tion to one similarity between many toxines and enzymes, and this is 
important in connection with what we have already stated in regard to 
the enzymes. As by the repeated introduction of a toxine into an animal 
body we can excite a formation of the corresponding antitoxine, so, as first 
shown by Morgenroth,^ it is also possible, by the increasing introduction 
of an enzyme (rennin, for example), to produce an antienzyme (an antiren- 
nin) in the body. Similar antienzymes have been produced in several 
other cases, but this is not surprising, as this is only a special, case of the 
general immunit}" theory, according to which the animal body has the 
power of making foreign substances non-destructive by reaction products 
formed by the body. 


^ Bull. SoG. chim., 43, and A. Gautier, Sur les alcaloides derives de la destruction 
bacterienne ou physio logique des tissiis animaux, Paris, 1S86. 

’ Bouchard, Lemons sur les auto-intoxications dans les maladies, Paris, 1887. See 
also the various text-books of clinical medicine. 

^ Centraibl. f . Bakterioi. u. Parisitenkunde, 26. 
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THE PROTEIN SUBSTANCES; 

The chief mass of the organic constitnents of animal tissues consists of 
amorphous, nitrogenized, very complex bodies of high molecular weight. 
These bodies, which are either proteids in a special sense or bodies nearly 
related thereto, take first rank among the organic constituents of the ani- 
mal body on account of their great abundance.^ For this reason they are 
classed together in a special group which has received the name 'protein 
group (from Ttpoorevo^l the first, or take the first place). The bodies 
belonging to these several groups are called protein substances, although in 
a few cases the protein bodies in a special sense are designated by the 
same name. 

The several protein substances ^ contain carbon, hydrogen, nitrogen, and 
oxygen. The majority contain also sulphur, a few phosphorus, and a few 
also iron. Copper, chlorine, iodine, and hromme have been found in some 
few cases. On heating the protein substances they gradually decompose, 
producing a strong odor of burnt horn or wool. At the same time they 
produce inflammable gases, water, carbon dioxide, ammonia, and nitrogenized 
bases, besides many other substances, and leave a large quantity of carbon. 
On hydrolytic cleavage they all yield, besides nitrogenous basic substances, 
especially large amounts of a-monamino-acids of different kinds. 

The nitrogen occurs in the protein bodies in various forms, and this is 
also revealed in the division of the nitrogen among the cleavage products. 
On boiling with dilute mineral acids we obtain (1) so-called amide nitrogenj 
which is readily split off as ammonia; (2) a guanidine residue which is com- 
bined with diaminovalerianic acid as arginine and which has also been called 
the urea-forming group; (3) basic nitrogen or diarnino-acid nitrogen, which 
is precipitated by phosphotungstic acid as basic products (to which also 
the guanidine residue of arginine bdongs); (4) mon amino-acid nitrogen; 


^See ^'Eiweisskorper/’ Ladeaburg^s, Handworterbuch der Chemie, S, 534-5S9, 
which gives a very complete summary of the literature of protein substances up to 
1885. The more recent literature up, to the year 1903 may be found in O. Gohnheim, 
Chemie der Eweisskorper, Braunschweig, 1904. See also Mann, Chemistry of the 
Froteids, London, 1906. , ,, _ _ " 




NITEOGEN OF THE PROTEINS. 

and (5) the iiitrogen in variable amounts which appears as luimus-Iike 
melanoidins, which seem to be of only secondary formation as products of 
elaboration. 

The quantitative division of the total nitrogen between the above 
five groups is different in the various protein substances^ and moreover can- 
not be given with certainty, because of the above-mentioned nielanoidin 
formation and the errors in the methods used.^ The following gives at least 
an approximate idea of this division.^ The loosely combined so-called amide 
nitrogen seems to be entirely absent in the protamines. In the gelatines we 
find 1-2 per cent, and 5-10 per cent in other animal protein substances; in 
the plant gluten-proteids, 13-20 per cent of the total nitrogen is amide nitro- 
gen. The guanidine nitrogen may amount in the protamines to 22-44 per 
cent of the total nitrogen, in the histones to 12-13 per cent, in the gelatines 
about 8 per cent, and in the other protein bodies about 2-5 per cent. As 
basic nitrogen precipitable by phosphotungstic acid (including the guanidine 
residue) we find 35-88 per cent in the protamines, 35-42.5 per cent in the 
histones, 15-25 per cent in the other animal protein substances,. 5-14 per 
cert in zein and the gluten proteid, and up to 37 per cent in the plant 
globulins. The chief quantity of the nitrogen, 55-76 per cent, occurs, with 
the exception of the protamines, as the monamino-acid groups. The results 
for the melanoidin nitrogen vary so considerably that they will not be 
mentioned. 

From the above results it follows that the nitrogen of most protein 
bodies exists in such combination that the chief quantity appears in the 
cleavage products as amino-compounds on hydrol 3 dic cleavage by acids. 
By the action of nitrous acid upon proteins only a Yery small part, 1-2 per 
cent, of the nitrogen is evolved,'^ which seems to indicate that NH 2 groups 
exist only to a slight extent in protein substances. This assumption does 
not have sufficient foundation, for, according to Levites,'^ the quantity, of 
amide nitrogen is not diminished by the action of nitrous acid upon the 
protein substances. In view of several observations, it is generally ad- 
mitted that the amino-groups occurring in the cleavage products exist in 
the original protein substance chiefly as imino-groups. 

The sulphur occurs in the different protein bodies in very different 


’ ^ See the work of Hausmann, Zeitschr. f. physiol, Chem., 27 and 29; Henderson, 

ibid,, 27; Kossel and Kutscher,; ibid,, 30; Kutscher, ibid., 31, 38; Hart, ibid., 33; 
Gumbel, Hofmeister's Beitrage, 5; Eothera, ibid, 

2 See the works given in foot-note . 1 and Bium, Zeitschr. f. physiol. Chem., 30; 
Kossel, Ber. d. d. chem. GeseUsch., 34, 3214;, Hofmeifiter, Ergebnisse der PhysioL, 
Jahrg. I, Abt. 1, 759, which also contains .the literature; Osborne and Harris, Joum. 
Amer, Chem. Soc., 25; and Giimbel, 1. b. , ; 

®See C. Paal,.Ber. d. d. chem. Gesellsch., 29; H. Schiff, ibid,, 1354; O. Loew, 
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amounts. Certain of them, such as the protamines and apparently also 
certain bacterial proteids/ are free from sulphur; some, such as gelatine 
and elastin, are very poor in sulphur; while others, especially horn sub- 
stances, are relatively rich in sulphur. On hydrolytic cleavage with min- 
eral acids, the sulphur of the protein substances is regularly, at least in 
part, split off as cystine (K. Mornee) or, with bodies poorer in sulphur, as 
cystein (Bmbdbn), but this, according to Mornee and Patten, is a second- 
ary formation. From certain protein substances a-thiolactic acid (Sitter, 
Friedmann, Frankbl), which Morner claims is also produced secondarily, 
niercaptans and suiphuretted hydrogen (SiEBER and Schoubenko, Rub- 
ner), and a body having the odor of ethyl sulphide (Drechsel) have been 
obtained.^ 

A part of the sulphur separates as potassium or sodium sulphide on 


boiling with caustic potash or soda, and may be detected by lead acetate 
and quantitatively determined (Fleitmann, Danilewsky, Kruger, Fr. 
Schulz, Osborne, K. j\Iorner2). What remains can be detected only 
after fusing with potassium nitrate and sodium carbonate and testing for 
sulphates. The ratio between the sulphur split off by alkali and that not split 
off is different in various proteins. No conclusions can be drawn from 
this in regard to the number of forms of combination which the sulphur 
has in the protein molecule. As shown by K. Morner, onh^ about three- 
fourths of the sulphur in cystine can be split off by alkali, and the same 
is tme for the cystine-yielding complex of the protein substances. If the 
quantity of lead-blackening sulphur in a protein bod}^ be multiplied by 
I, we obtain the quantity corresponding to the cystine sulphur in the body. 
By such calculation Morner found in certain bodies, such as horn sub- 
stance, seralbumin and serglobulin, that the quantity of cystine sulphur and 
total sulphur were identical, and therefore we have no reason for consider- 
ing the sulphur in these bodies as existing in more than one form of com- 
bination. In other proteins, such as fibrinogen and ovalbumin, on the 
contrary, only one-half or one-third of the sulphur appeared as cystine 
sulphur. 

According to Raikow ^ keratin-like proteins split off sulphur dioxide on 


‘ See Nencki and Schaffer, Journ. f. prakt.. Chem. (N. F.), 20, and M. Neneki, 
Ber. d. d. chem. Gesellsch., 17. 

2 K. Morner, Zeitschr. f. physiol. Chem.j 28, S4, and 42; Patten, ibid., SO; Embden, 
ibid., 32; Suter, ibid., 20; Friedmann, HofmeistePs Beitriige, 3; Sieber and Schou- 
benko, Archiv d. sciences biol. de St. Pdtersbourg, 1 ; Rubner, Arch. f. Hygiene, 10; 
Drechsel, Centralbl. f. Physiol,, 10,. 529; Frahkel, Sitzungsber. d. Wien. Akad., 112, 

3 Fleitmann, Annal. der Chem. und Pharm.,'0^; Danilewsky, Zeitschr. f. physiol. 
Chem,, 7; Kriiger, Pfliiger's Archiv, 43; F.. Schulz, Zeitschr. f. physiol. Chem., 25; 
Osborne, Connecticut Agric. Expt. Station Report 1900; Morner,.!. c. 

'* See Blochem. Centralbl., .4/. p„ 3^': , ^ ^ ^ ^ 



CLEAVAGE PRODUCTS OF THE PROTEIXS. 


29,. 


treatment with phosphoric acid at ordinary temperatures; hence it follows 
that a part of the sulphur in the proteins, especially in the keratins, exists 
in direct combination with oxygen and probably combined as in the 
sulphites. . . 

The constitution of the protein bodies is still unkno-^m, although the 
great advances made in the last few years have brought us essentially 
closer to the elucidation of the question. In studying the constitution of 
the protein bodies they have been broken up in various ways into simpler 
|)ortions, and the methods used for this purpose have been of different 
kinds. In such decom])ositions, for which the proteids in the true sense have 


been primariR used, es]3ecially those that can be prepared in the crystalline 
form, first large atomic complexes — proteoses and peptones — are obtained 
■which still have ]>rotein characteristics, and these then suffer further de- 
composition until finally we obtain simpler, generally crystalline, or at 
least well characterized end products. 

On heating protein with barium hydrate and water in sealed tubes to 
150-250*^ C. ScHUTZENBERGER ^ obtained a mixture of products among 
which were ammonia, carbon dioxide, oxalic acid, acetic acid, and, as chief 
product, a mixture of amino-acids. The conclusion he drew from this 
experiment, that the proteid is a complex ureide or oxamide, cannot be con- 
sidered for several reasons.^ 

On fusing proteins with caustic alkali we obtain ammonia, methyl mer- 
captan, and other volatile products; also leucine, from which then volatile 
fatty acids, such as acetic acid, valerianic acid, and also butyric acid are 
obtained, and also tyrosine, from which latter phenol, indol, and skatol are 
produced. As to the products prepared by hydrolytic cleavage with min- 
eral acids we have a number of investigations by various experimenters, 
especially Hlasiwetz and Habermann, Ritthausen and Kreusler, E. 
Schulze and his collaborators, Drechsel, Siegfried, R. Cohx, Kossel 
and his pupils, K. Morner, Abderhalden, Skraup, and recently E. Fis- 
cher and his collaborators.^ The chief products thus obtained are mon- 
amino-acids, such as giycocoll, alanine, aminovalerianic acid, leucine, tyro- 
sine, phenyl aminopropionic acid, aspartic and glutamic acids, cysteine and its 
sulphide cystine; the so-called hexone bases, l 3 ’'sine, arginine, and histidine, 
of which the first two are diamino-acids; oxymonamino-acids, such as serine, 
oxyaminosiiccinic acid, and oxyaminosuberic acid; ox^’-diamino-acids, such 
as oxydiaminosiiberic acid, oxydiaminosebacic acid, diaminotrioxydodeca- 

^ Annal. de chim. et piiys. (5), 10, and Bull. Soe. chim., and 24. 

2 See Habermann and JEhrenfeld, Zeitschr. L physiol. Chem., 30, 

®In regard to the literature see O. Cohnheim, Chemie der Eiweisskorper, Braun- 
.schwezg, 1904, and F. Ilofmeister, Ergebhisse der Physiologie, Jahrg. I, Abt. 1, 759, 
1902; E. Fischer, Untersuchungen tiber AnimosHuren, Polypeptide imd Proteine ( 1899^ 
1906), Berlin, 1906; also Mann,' Chemistry of the Proteids, London, 1906. See also 
special references, ' X' ^ \ -A ■ ^ 
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iioic acid, caseanic and caseinic acids; a^-pyrrolidine and ox 3 ’pyrrolidine car- 
boxylic acids; indolaminopropionic acid; sulphuretted hydrogen, ethyl 
sulphide, leucinimide, ammonia, and melanoidins,^ which latter seem to be 
secondary condensation products. 

The proteins can be split into a large number of bodies by the proteo- 
lytic enzymes, and these wdll be presented later. In the first place proteoses 
and peptones are produced, also an abundance of monamino-acids of dif- 
ferent kinds, hexone bases, tryptophane (proteinochromogen), wiiich is 
indolaminopropionic acid, and finally oxyphenylethylamine, diamines, and 
a little ammonia and other substances. 

A great many substances are produced in the putrefaction of proteins. 
First the same bodies as are formed in the decomposition by means of 
proteolytic enzymes are produced, and then a further decomposition occurs 
with the formation of a large number of bodies belonging in part to the 
aliphatic and in part to the aromatic and heterocyclic series. Of the first 
series we have ammonium salts of volatile fatty acids, such as caproic, 
valerianic, and butyric acids, also succinic acid, carbon dioxide, methane, 
hydrogen, sulphuretted hydrogen, methyl mercaptan, and others. The 
ptomaines also belong to these products, and are probably in part formed 
by very different chemical processes, or even syntheses, 

E. Salkow^ski divides the putrefactive products of the aromatic and 
heterocyclic series into three groups : (a) the phenol group, to which tyrosine, 
the aromatic oxyacids, phenol, and cresol belong; (b) the phenyl group, 
including phenylacetic acid and phenylprop ionic acid; and lastly (c) the 
indol group, which includes indol, skatol, skatolacetic acid, and skatolcar- 
boxylic acid. These various products are formed during putrefaction with 
access of air. Nencki and Bovet^ obtained only jMjjxyphenylpropionic 
acid, phenylpropionic acid, and skatolacetic acid on the putrefaction of 
proteinsby anaerobic schizomycetes in the absence of oxygen. These three 
acids are produced b}^ the action of nascent hydrogen on the corresponding 
amino-acids, name!}’', tyrosine, phenyl aminoprop ionic acid, and skatolarnino- 
acetic acid (indolaminopropionic acid), and according to NExcia these three 
last-mentioned amino-acids exist preformed in the protein molecule. 

By the moderate action of chlorine, bromine, or iodine upon proteins these 
halogens enter into more or less firm combination with the molecule (Lokw, 
Blum, Blum and Vaubel, Liebrecht, Hopkins and Brook, HoFMEI^STER, 
Kura JEFF, and others), and according to the method of procedure we can 
prepare derivatives having different but constant amounts of halogens (Hop- 
kins and PiNKUs). The proteins are so changed that they do not split off 
sulphur on treatment with alkali, nor do, they respond to MILLON^s reaction, 

‘ See Samueiy, Hofmeister’s Bcitrage, 2. .. 

' ^^^Salkowski, Zeitschr. f. physiol. Chem'^v-12,.215,'and 27, 302; Nencki and Bovet, 
^ .SJdnatshefte f. Chem./lO^ ’ - . ■ ^ , 
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nor do they yield tyrosine as a cleavage product. This is ordinaril}' ex- 
plained by the supposition that a substitution of hydrogen by iodine takes 
place in the aromatic tyrosine nucleus; but since according to Oswald the 
heteroproteosesV which yield only verjb little tyrosine, take up about the 
same quantity of iodine as the protoproteoses, which yield considerable 
tyrosine, it appears that the iodine is united to other groups besides the 
tyrosine-yielding atomic complex. By the action of iodine an oxidation also 
occurs, and Schimidt ^ has shown that a continuous splitting off of amino 
groups takes place. According to him phenol and p-cresol, cIea^’'ag’e j^rod 
ucts of tyrosine, besides benzoic acid, are produced by the oxidation of 
jjhenylaminopropionic acid. 

By the oxidation of proteid by means of potassium permanganate 


Maly obtained an acid, oxyprotosulphonic acid, C 51.21, H 6.89, N 14.59, 
S 1.77, 0 25.54 per cent, which is not a cleavage product, but an oxida- 
tion product in which the group SH is changed into SO2.OH, This acid 
does not give the proper color reaction "with Millon^s reagent, yields no 
tyrosine or indol, but gives benzene on fusing wuth alkali. On continued 
oxidation Maly obtained another acid, peroxyproteic acid, wRich gives the 
biuret reaction, but is not precipitated by most protein precipitants. The 
oxy protein obtained by Schulz on the oxidation of proteid by hydrogen 
peroxide is closely related to oxyprotosulphonic acid in composition and 
general characteristics, but contains lead-blackening sulphur and gives 
Millon^s reaction. The oxyprotein is claimed to be a pure oxidation 
product, while in the production of oxyprotosulphonic acid Schulz claims 
that a cleavage takes place. According to the recent investigations of 
V. Forth 2 there exist at least three different peroxyproteic acids (from 
casein) which differ from each other by a different division of the nitrogen 
in the molecule. On treatment with baryta-wmter we find that they split 
off basic complexes and oxalic-acid groups, and new^ bodies, the desamino- 
proteic acids, which give the biuret reaction, are produced. These acids, 
wdiich on hydrolysis give benzoic acid but no diamino-acids, may be further 
oxidized, which is not true of the perox3^proteic acids, and yield a new’- 
group of acids, the kyroproteic acids, which give the biuret reaction, hold 
about one-half of their nitrogen (11.08 per cent total nitrogen) in acid-amide- 
like combination, but yield neither, basic products nor benzoic acid. 

' Loew, Journ. f. prakt. Chem. (N. F.), Zl; Blum, Miinch. mcd. WochensHir., 
1896; Blum and Vaubei, Journ. f. prakt. Chem. (N. F.), 57; Liebrecht, Ber. d. deutsch. 
chem. Gesellsch., 30; Hopkins and Brook, (Journ. of Physiol., 22; Hopkins and Pin- 
kus, Ber. d. deutsch. chem. Gesellsch.',:: 31;. Hofmeister, Zeitschr. f. physiol, Chem., 
24; Kurajeff, ibid., 26; Oswald, Hbfmeister's.Beitrage, 3; C. H. L. Schmidt, Zeitschr, 
f, physiol. Chem., 35, 36, 37. - 

2 Maly, Sitzungsber. d. k. Akad, d, Wissensch. Wien, 91 and 97. Also Monatshefte f, 
Chem., 6 and 9, See also Bondzynski- Jand Zoja, Zeitschr, f. physiol Chem., 19; 
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On the oxidation of gelatine or proteid with permanganate we obtain 
also oxaminic acid^ oxamide, oxalic acid, oxaluric-acid amide, succinic acid, 
several volatile fatty acids, and guanidine, which was first shown by Lossen 
as an oxidation product (Kutscher, Zickgraf, Seemann, Kutscher and 
Schenck).^ ' 

On the oxidation of gelatine by ferrous sulphate and hydrogen peroxide 
Blumenthal and Neuberg have obtained acetone as a product, and Orgler ^ the 
same from ovalbumin. Jolles ® claims to have obtained large quantities of urea 
ill the oxidation of various proteins by potassium permanganate in acid solu- 
tion, but this has been disputed by other investigators. On the oxidation of 
protein in acid liquids, volatile fatty acids, their aldehydes, nitriles and ketones, 
also hydrocyanic acid, benzoic acid, and other bodies, have been obtained. 

Nitric acid gives various nitro-x)roducts. A melanoidin substance, xantho-^ 
melanin^ has been obtained by v. Furth.^ Habermann and Ehrenfeld ^ 
also obtained oxyglutaric acid among other products. By the action of bromine 
under strong pressure a number of products have been obtained: bromanii and 
tribromacetic acid, bromoform, leucinimide, leucine, oxalic acid, tribromamino- 
benzoic acid, and other bodies. With aqua regia, fumaric acid, oxalic acid, chor- 
azol, and other bodies are obtained. The recent investigations of Habermann* 
and Ehrenfeld and Panzer upon the action of chlorine upon proteins and 
closely related products are important. 

By the dry distillation of proteins we obtain a large number of decomposition 
products having a disagreeable burnt odor, and a porous glistening mass of carbon' 
containing nitrogen is left as a residue. The products of distillation are partly 
an alkaline liquid which contains ammonium carbonate and acetate, ammonium 
sulphide, ammonium cyanide, an inflammable oil, and other bodies, and a brown 
oil which contains hydrocarbons, nitrogenized bases belonging to the aniline and 
pyridine series, and a number of unknown substances. 

The occurrence of protein substances which contain a carbohydrate 
group has been known for a long time. The nature of this carbohydrate, 
which can be split off by acid and which may amount to as much as 35 
per cent, has been explained chiefly by the investigations of Friedrich 
Muller and his students. They have shown that it is always an amino- 
sugar and generally glucosamine. That so-called true proteids also yield 
a carboh 3 'drate on hydrolytic cleavage was first shown by Pavy, using 
ovalbumin. The continued investigations of Fr. Muller, Weydemann, 


^ Lossen, Annal. d. Chem. u. Pharm., 201; Kutscher, Zeitschr. f. physiol. Chem., 
S2; Zickgraf, ibid., 41; Seemann, ihid.j 44; Kutscher and Schenck, Ber. d. d. chem. 
Gevsellsch., S7 and S8. 

^ Blumenthal and Neuberg, Deutsch. med. Wochenschr,, 1901; Orgler, Hofmeister^s 
Bcitrage, 1. 

^ Zeitschr. f. physiol. Chem,, 32 and 38. 

** See Maly's lahresber., 30, 24. 

^ Zeitschr. f. physiol, chem., 35. 

® Habermann and Ehrenfeld, Panzer,, idtd., 33 and 34. 

’Miilter, Sitzungaber. d. Ges. d. Natum. zu Marburg, 1896 and 1898, and Zeitscbc 
t Biologie, 42 . ■ " ■■■, ,, 
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carbohydrate; moiety of the protbhns. 

Seemann;, FranivEL,' HopmeisteR;, and Langstein^, have, .demonstrated 
that in these cases the Garbohydrate is also glucosamine. A carbohydrate 
complex, although sometimes only to a- very slight amount,' has also been, 
detected in other proteins, ovoglobulin, sergiobulin, seralbumin, pea- 
globulin, albumin of the graminese, yolk-proteid, and fibrin. In other 
proteins, on the contrary, such as edestin (of the hemp -seed) and casein, 
myosin, pure fib ririogen, and ovovitellin, carbohydrates have been sought 
It;;.,,' '■ for with negative res,ults- All -proteins; hence do, not contain, a: carbohy- ., 

drate group, and future mvestigators must therefore decide whether the 
carbohydrate groups belong positively to the protein complex or whether 
they are united with the protein only as impurities. Several observa- 
tions- show that in working with crystalline proteins a contamination with 
other protein substances is unfortunately not excluded, and this must not 
be lost sight of, especially as the quantity of carbohydrates obtained is 
often very small. In the present state of our knowledge we are not war- 
ranted in considering the carbohydrate groups as belonging to the carbon 
nucleus produced on the destruction of the real protein complex. 

The previously mentioned methods used in studying the structure 
of the protein substances are not of the same value, but they in part sub- 
stantiate each other. Of these we must mention the hydrolysis by means 
of boiling dilute mineral acids, or by proteolytic enzymes, as the best 
methods for ■ obtaining the carbon nuclei in the protein molecule. The 
most important of the carbon nuclei obtained are as follows: 

v.-. ^.""V f. 

I. The Ruclei belonging to the Aliphatic Series, 

A. Sulphur free j hui containing nitrogen: 1. K guanidine residue (combined with 
ornithine as arginine). 2. Monobasic monamino-acids: Gly cocoll (aminoacetic 
acid), alanine (aminopropionic acid), aminovalerianic acid, leucine (isobutylamino- 

i acetic acid), and isoleucine. 3. Bibasic monamino-acids: Aspartic acid (amino- 

succinic acid) and glutamic acid (aminoglutaric acid). 4. Oxymonainino-acids: 
serine (oxyaminopropionic acid) oxyaminosuccinic acid and oxyaminosuberic 
acid. 5. Monobasic diamino-acids: Diamindacetic acid, ornithine (diaminovaleri- 
anic acid) and lysine (diaminocaproic acid). 6. Oxy diamino-acids: Oxydiamino- 
; suberic acid, oxydiaminosebacic acid, diaminotrioxydodecanoic acid, caseanic and 

caseinic acids, 

B. Sulphurized: Cysteine (aminothiolaetic acid) and its sulphide cystine, thio- 
lactie acid, mercaptans, and ethyl sulphide. 

II. The Nuclei belonging to the Carbocydic Series. 

Phenylaminopropionic acid and tyrosine. /J. 'I- -a 


^In regard to the literature on this subjed see the work of Fr. Miiller, Zeitschr. 
f. Biologie, 42, and Langstein, Ergebnisse der Physiologic, Jahrg. I, Abt. 1, 63, Zeitschr. 
f. physiol. Chem., 41, and HofmeistePs Beitr%e, 6. See also Abderhalden, Bergell, 
and DSrpinghaus, Zeitschr. f. physiol.. Ohem*. 41. 

®See Wichmann, Zeitschr. f. physiol. Chem., 23, and N. Schulz, Die Grosse des 
Eiweissmolekuls, Jens, 1903, 51. ^ - ■ y ' , . ' - , 
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III. The Nuclei belonging to the Heterocyclic Series. 

A. Oi pyTTol grouqj: Pyrrolidine carboxylic acid (a-proline) and oxypyrro- 
lidine carboxylic acid. 

B. Of the indol group: Tryptophane or indolaminopropionic acid, from which 
indol and skatol are produced by putrefaction. 


In regard to these carbon nuclei it must be remarked that they are 
not all found in every protein body thus far investigated., and also that 
one and the same cleavage product, such, for example, as glycocoll, leu- 
cine, tyrosine, or cystine, is obtained in very variable amounts from differ- 
ent protein substances. It is very difficult to say to what extent all the 
above-mentioned carbon nuclei exist in the protein molecule. It is not 
inconceivable that in the hydrolysis certain carbon nuclei may^ be 
secondarity formed from others. We cannot exclude the possibility, as 
suggested by Loew,-* that in the hydrolysis a marked atomic displacement 
perhaps occurs before cleavage, and for this reason two carbon nuclei, 
such as leucine and lysine, or tyrosine and phenylalanine, may be produced 
from the same atomic groupings, each according to the nature of the neigh* 
boring groups. 

Even if we admit the above, still it is undoubtedly true that the chief 
cleavage products of the protein substances are amino-acids. Emil Fischer 
has showm that the amino-acids have the property^ of readily grouping 
together when water is split off and the amide group of one amino-acid 
unites wdth the carboxyl group of the other. In accord with this behavior 
we can, as Hofmeister ^ has explained, consider the proteins as chiefly 
formed by the condensation of amino-acids, where the amino-acids are united 
to each other by means of imino-groups according to the following scheme: 


-NH.CH.CO— NH.CH.CO NH.CH.CO— NH.CH.CO- 


C4H9 

(Leucine) 


CH2.C6H4(0H) CH2.COOH C3H6.CH2.NH2 

(Tyrosine) (Aspartic acid) (Lysine) 


Closely connected with this conception is the question whether it is 
possible to prepare protein-like substances synthetically. In this con- 
nection we must mention that Grimatjx and later also Schutzenberger 
and Pickering have been able to prepare substances which in many prop- 
erties are similar to the proteins, from various amino-acids either alone or 
mixed with other bodies such as biuret, alloxan, xanthine, or ammonia. 
Of special interest are the investigations of Ctjetius and his collaborators, 


^ *Loew, Die chem. Enei-gie d. lebenden Xeilen, Miinchen, 1898, and Hofmeister's 

liber den Bau des Eiweissmolekizlsd^ Gesellsch. deutsch. Naturforscher imd 
Irtze, Yerhandl 1^2, and Ergqbnisie der. Fhy^dlogfe, Jahrg. I, Abt. 1, 759. 


iirtze, Yerhandl, 1^2, and Erg^bnisie der. Fhysidlogfe, Jahrg. I, Abt. 1, 759. 
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in which the}^ were able to prepare synthetically the so-called hmret base 
(trigKnwI-glycine ethyl ester) and siibsequenth" many other bodies which 
, were related to the proteins. The most important work on the chaining of 

amino-acids has been performed by E. Fischer ^ and his pupils. They have 
prepared a large number of complex bodies called 'polypeptides, which^ 
according to whether the}^ contain two or more amino-acid groups united 
together j are called di-, tri-, tetrapep tides, etc. As examples of polypeptides 
we will mention — dipeptides: glycylalanine, leucyl-Z-tyrosine, prop^daianine, 
diaminopropionic-acid dipeptide, lysy 1-lysine, histid 3 d-histidine ; tripej)- 
I tides: diglycyl-glycine, leu cyl-aianyl-gly cine, dileucylcystine; tetrapeptides : 

'f trigtycy 1-glycine, dileiicAd-gtycyl-glycine; pentapeptide : tetraglycy 1-glycine. 

In connection with these syntheses it is important to note that E. 
i Fischer and Bergell,^ by the decomposition of a protein substance, 

■ fibroin, by successive action of acid, proteolytic enzyme (trypsin), and baryta- 

water, were able to obtain a dipeptide, probably glycylalanine. Levene 
and Beatty have obtained a dipeptide anhydride, prolineglycyl anhydride, 

' ^ in the tryptic digestion of gelatine, and Fischer and Abderhalden ^ have 

J also isolated from silk fibroin a dipeptide composed of glycocoll and l~ 

tyrosine. In the hydrolysis of elastin with sulphuric acid they obtained a 
third dipeptide, which, like the others, %vas an anhydride, namely, glycyl-Z- 
leucine anhydride. Of the synthetically prepared polypeptides several give 
the biuret reaction, and in this regard, as well as their behavior towards 
I other reagents, they are similar to the peptones, which will be discussed later. 

J Certain polypeptides, like the biuret base ^according to Sch^varzschild), 

I the glycyl-Z-tyrosine, and alanyl-glycine, are split by trypsin, while others, 

; like glycyl-glycine and glycylalanine, are not attacked by this me (see 

I Chapter IX). 

i It is admitted that the atomic chaining in the protein consists of a 

union of a;-amino-acids by means of the imide bonds. It is probable that 
also other linkings occur, and besides the above-mentioned bondage we 
certainly have one other, namely, the urea-forming group (the guanidine 
residue) united by the imide linkings with the ornithine (diaminovalerianic 
add). This imide linkage is not ruptured, like that of the a-amino-acids, 


^ See Pickering, King’s College, London, Physiol. Lab. Collect. Papers, 1897, which 
also cites Grimaux’s work; also Joum, of Physiol., 18, and Proceed. Roy. Soc., 00, 
1897; Schiitzenberger, Compt. rend., 100 and 112; Curtins, Joum. f. prakt. Chem. 
(N. F.), 20 and 70, and Ber. d. d. chem. Gesellsch., S7; Fischer and collaborators, 
ibid., 35, 30, 37, 38, 39, and Annal. d. Chem. u. Pharm., 310. All the work of E. Fischer 
and his collaborators on this subject may be foimd in E. Fischer’s lintersuchungen 
iiber Aminosauren, Polypeptide und Proteine (1899-1906), Berlin, 1906. 

^See Bioehem. Centraibl., 1, p. 84. , . : ' 

^Levene and , Beatty, Ber. d. d. chem. Gesellsch., . 39, p. 2060; Fischer, and 
Abderhalden, 39, p, 2314 '' 
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by trypsiH; blit it is by another enzyme discovered by Kossel and Dakin/: 
called arginase.\ ' 

If we consider the proteins as composed chiefly of amino-acids combined 
together in imide-like complexes containing also several NH2 groups at the 
ends of the chains, it is easy to understand that the proteins, like the amino- 
acids, are amphoteric electrolytes, combining with bases as well as with 
acids to form salts which are strongl}^ dissociated hydrolytically. As we 
must also admit of the presence in the protein molecule of a large number 
of COOH as well as NH2 groups, it follows that the protein bodies may be 
polybasie acids, as well as polyacidic bases. In this regard the various 
proteins behave somewhat differently, as some of them, like the protamines, 
are strongly basic, while others, like casein, behave chiefly like acids, w’'hile 
others take a certain intermediate position. On this behavior as well as on 
their chemical constitution it is unfortunately impossible to base a proper 
classification of the protein substances. Their general properties, such as 
solubilities and precipitation properties, are too uncertain to aid us in the 
construction of a proper classification. On the other hand a classification 


is important, and we cannot do without one, so we will give the following 
systematic summary of the chief groups of the,protein bodies as suggested 
by Hoppe-Seyler and Drechsel, which will be of some aid to us. 

I. Simple Proteids or Albuminous Bodies. 

« . (Seralbumius 

Albumins ^ others.) 

rFibrinogen, 

Globulins I Myosin, 

( Serglohulins, and others. ) 

Nucleoalbumins i 

{Ovovitellin, and others, 

^ ( Acid albuminate, 

Albuminates 4 , 

( Alkali albuminate. 


Globulins. 


Nucleoalbumins . 


Albuminates. 


Proteoses (and Peptones). 

Coagulated Proteids \ 

^ ( Proteids coagu: 

Histones (Protamines). 

II. Compound Proteids 


Fibrin , ' 

Proteids coagulated by heat, and othera. 


Haemoglobins. 
Glucoproteids . 


iSTucleoproteids . 


, t Mucins and Mucinoids, 
. 4 Amyloid, 

KlcMhulin, and others, 

,, c Nucleohistone, 

' I Cytoglobin, and others. 


\ _ bMtsobr. I. pbysiol. Cbem., 41. 
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IIL, Aibumoids or Aibuminoids* 

' , Keratins. 

Elastin. , 

Collagen. 

, Retictiiin. 

(Fibroin, Sericin, Comein, Spongin, ConcMolin, Bysstis, and others.) 

To this summary must be added that we often find in the investigations 
of animal fluids and tissues protein substances which do not fall in with 
the above scheme, or are classified only with difficulty. At the same time 
it must be remarked that bodies will be found which seem to rank between 
the different groups, hence it is very difficult to sharply divide these groups. 

I. Simple Proteids or Albuminous Bodies. 

The simple proteids are never-failing constituents of the animal and 
vegetable organisms. They are especially found in the animal body, wdiere 
they form the solid constituents of the muscles and of the blood-serum, and 
they are so generally distributed that there are only a few animal secre- 
tions and excretions, such as the tears, the perspiration, and perhaps the 
urine, in wffiich they are entirely absent or occur only in traces. 

All proteids contain carbon, hydrogen, nitrogen, oxygen, and sulphur;^ 
a few contain also phosphorus. Iron is generally found in traces in their 
ash, and it seems to be a regular constituent of a certain group of the 
albuminous bodies, namely, the nucleoalbumins. The composition of 
the different albuminous bodies varies a little, but the variations are within 
relatively close limits. For the better-studied animal proteids the follow- 
ing composition of the ash-free substance has been found: 


C 50.6 — 54.5 per cent. 

H 6.5 — 7.3 

N 15.0 —17.6 

S. 0.3 — 2.2 

P ‘ 0".42— 0.S5 

0 21.50—23.50 


The animal proteids are odorless, tasteless, and ordinarily amorphous. 
The crystalloid spherules {Dotterpldttchen) occurring in the eggs of certain 
fishes and amphibians do not consist of pure proteids, but of proteids 
containing large amounts of lecithin, which, seem to be combined with 


* See foot-note 1, p. 28. 
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mineral substances. Crystalline proteids ^ have been prepared from the 
seeds of various plants, and crystallized animal proteids (see seralbumin 
and bvalbumin, Chapters VI and XIII) canbe readily prepared. In the dry 
condition the proteids appear as white powders, -or when in thin layers 
as yellowish, hard, transparent plates. A iew are soluble in water, others 
only soluble in salt or faintly alkaline or acid solutions, while others are 
insoluble in these solvents. Solutions of proteids are optically active and 
turn the plane of polarized light to the left. All proteids when burned 
leave an ash, and it is therefore questionable whether there exists any 
])roteid body which is soluble in water without the aid of mineral sub- 
stances. Nevertheless it has not been thus far successfully proved that 
a native proteid body can be prepared perfectly free from mineral sub- 
stances without changing its constitution or its properties.^ 


As previously stated, the albuminous bodies are amphoteric electrolytes 
and are polyacidic bases as well as polybasic acids. The base- and acid- 
combining powers of various proteids are different, and the maximum acid- 
combining power may perhaps also be used in the differentiation of the 
various proteids (Cohnheim, Erb, and others). 

The acid-combining power of the proteids has been studied by means of 
physical methods by Sjoquist, Bugarsky, and LiBBERiUANN and with the aid 
of chemical methods by Spiro and Pemsel, Erb, Cohnheim and Krieger, 

Khorer. The methods pursued by Cohnheim and Krieger consisted in 
precipitating the proteid from acid solution (HCl) with an alkaloid reagent 
(calcium phosphotungstate). The reaction took place as follows: proteid 
hydrochloride + calcium phosphotungstate = proteid phosphotungstate -f calcium 
chloride. The acid remaining in the filtrate was determined, and when this 
quantity was subtracted from the known original amount in the proteid solu- 
tion, the difference represented the acid combined wdth the proteid. If sodium 
picrate or potassium- mercuric iodide is used instead of the phosphotungstate 
we have, according to v. Rhorer,^ a method which is the best of ail heretofore 
suggested. 

The proteids can be salted out from their neutral solutions by neutral 
salts (NaCl, Na2S04, MgS04, (NH4)2S04, and many others) in sufficient 
concentrations. While by other precipitants they are often changed or 
modified, their properties remain unchanged on salting out, and the process 
is reversible, as on diminishing fhe concentration of the salt the precipitate 
#redissolves. Spiro ^ has shown that we are not dealing here with the 


^ Sec Maschke, Journ. f. prakt. Chem;, 74;' Drechsel, ibid. (N. F.), 10; Grubler, 
ibid. (N. F.), Ritthausen, tW. , (N. F,)j 25;. Schmiedeberg, Zeitschr, f. physioL 
Chem., I ; Weyi, tYnd., 1. , 

^ See E. Hamaek, Ber. d. d. chem- Gesellsoh., 22, 23, 25, and 31; Werigo, Pfliiger's 
Archiv, 48; Bulow, ibid., 58; Schulz, I)ie Grdsse des Eweissmolekliis, Jena, 1903. 

^ Pfliiger’s Arch., 90. In regard to the literature on this subject see Cohnheiro., 
Chemie der Eiweisskorper,. 2. Aufl.', pp. 107^100*. 

' ■ , _ . * Hofmeister^s '.Beitrige, 4; ;,v-' • 'V't . - 
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formation of aproteid combination, but rather that this is an instance of 
a division of a body between two solvents. The various proteids act in an 
essentially different manner towards the same salt, and also for one and 
the same proteid the behavior towards different neutral salts is different, 
as some cause a precipitate, while others on the contrary do not 
' precipitate, ' ■ ■ ■ ■ 

i According to Pauli ^ this can be explained by the fact that we have to do 

with ion action and that the precipitation action is the algebraic sum oi the antago- 
; nistic properties. If we ascribe the precipitating action to the cations and a 

retarding action upon precipitation to the anions, then, according as a ‘salt has 
the positive cations or the negative anions in excess, we obtain a precipitation 
» action or not, that is, it is accelerated or retarded. 

The behavior of various proteids with one and the same salt, such as 
MgS04 or (NH4)2S04, is often made use of in the isolation of the proteid, 
and special methods of separation are based upon fractional precipitation. 
Haslam ^ has recently shown that these methods may lead to great errors 
and give good results only under special conditions. 

The conditions are different from those of salting out, when the proteid 
solution is precipitated by salts of the heavy metals. Here the precipi- 
tates (often called metallic albuminates) are not true combinations in con- 
stant proportions, but are rather to be considered as loose absorption 
compounds of the proteid with the salt.^ These reactions are irreversible 
in so far that dilution with water or removal of the salt by means of dialysis 
• does not restore the unchanged proteid. On the other hand the precipi- 

tate, at least in certain cases, may be redissolved in an excess of the salt 
solution or of the proteid solution, and in this sense the process is a re- 
versible one. 

The precipitation of proteids by salts stands in close relationship to their 
colloidal nature. The protein bodies do not as a rule diffuse through animal 
membranes, or only to a very slight extent, and hence have in most cases 
a pronounced colloidal nature in Graham's sense. Certain of them, 
especially the peptones and a few proteoses, which will be discussed later, 
seem to occupy an intermediate position between colloids and crystalloids, 
as their solutions are characterized by a lesser viscosity and greater dif- 
fusibility, are not readily precipitable by alcohol, not coagulable by heat, 
and only slightly precipitable by salts. 

The solutions (or suspensions) of proteids in water, the proteid hydrosols, 
are converted by various means into proteid hydrogels. Of these means 


^ Hofnieister^s Beitrage, S. ; , 

® See Colmheim, Cheinie der EiweisskSrper, 2. Aufl., 1904, pp. 144-148; Pinkus, 
Joum. of Physiol., 27; Pauli, Hofmeister's. Beitr^e, S, p. 225; Haslam, Joum. of 

, , ® See Galeotti, jZeitschr, i physiol, Chem., IQ, 42, and " 
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we /must specially mention the following: flocking out with salts, precipi- 
tation with alcohol, and coagulation by means of heat. 

The precipitation with alcohol is a reversible reaction, as the precipitate 
redissolves on subsequent dilution with water. The proteids are changed 
by the action of alcohol, some readily and quickly, others with difficulty 
and very slowly; the proteid then becomes insoluble in water and is 


modified. ■ 

Those proteids which occur, according to the common views, preformed 
in the animal fluids and tissues and which have been isolated from these by 
indifferent chemical means without losing their original properties are 
called native proteids. New modifications having other properties can 
be obtained from the native proteids by heating, by the action of various 
chemical reagents such as acids, alkalies, alcohol, and others, as well as by 
proteolytic enzymes. These new proteids are called modified {^^denatu- 
rierte ”) proteidsy to differentiate them from the native proteids. In the 
scheme given on page 36 the albumins, globulins, and nucleoalbumins 
belong to the native proteids, and the acid or alkali albuminates, the pro- 
teoses, the peptones, and the coagulated proteids to the modified proteids. , 

On heating a solution of a native proteid it is modified at a different 
temperature for each different proteid. With proper reaction and other 
favorable conditions, for instance in the presence of neutral salts, most 
proteids can in this way be precipitated in a solid form as coagulated pro- 
teid. The hydrosol is converted into hydrogel, but as a modification 
takes place, this process is irreversible. The various temperatures at which 
coagulation of different proteids occurs in neutral solutions containing salt 
have in many cases given us good means for detecting and separating 
proteids. The views in regard to the use of these means are somewhat 
divided.^ 

A modification can be brought about also by the action of acids, alka- 
lies, or salts of the heavy metals, in certain cases by water alone, also by 
the action of alcohol, chloroform, ^ and ether, by violent shaking, etc. 

As colloids ^ the proteids can, like other protein substances, to a more 


^ See Halliburton, Joum. of Physiol., 5 and 11; Corin and Berard, BiilL de ib4cad. 
roy. de Belg., 15; Haycraft and Duggan, Brit. Med. Journ., 1890, and Proc. K.oy. 
Soc. Edin., 1889; Corin and Ansiaux, Bull, de FAcad. roy. de Belg., 21; L. Fredericq, 
Centralbl. f. Physiol, 3; Haycraft, 4; Hewlett, Joum. of Physiol, IS; Duclaux, 
Anna!. Institut Pasteur, 7. In regard to the relationship of the neutral salts to the 
heat coagulation of albumins see also Starke, Sitmngsber, d. Gesellsch. f. Morph, u. 
Physiol in Miinchen, 1897; Pauli, PfliigePs Arch., 78. 

2 See Saikowski, Zeitschr. f. physiol Chem., 31; Fr. Kruger, Zeitschr. f. Biologic, 
41; Loew and Aso, Bull Coll Agric. Tokio, 4. 

* The study of colloids and especially their changes of state is of the greatest 
importance for the chemistry of the proteids as well as for biochemistry in general 
As the views on important points in this: extmsive subject are so very divergent, it is 
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or less 'degree, prevent the precipitation of a 'colloidal metallic solution' 
(gold solution) by means of an electrolyte (see gold equivalent according 
to Zsigmondy and Schulz). 

The general reactions for the proteids are very numerous, but only the 
most important will be given here. To facilitate the study of these they 
have been divided into the two following groups: 

A, Precipitation Reactions of the Proteid Bodies. 

1. Coagulation Test An alkaline proteid solution does not coagulate 
on boiling, a neutral solution only partly and incompletely, and the reaction 
must therefore be acid for coagulation. The neutral liquid is first boiled 
and then the proper amount of acid added carefully. A flocculent precipi- 
tate is formed, and if properly done the filtrate should be water-clear. If 
dilute acetic acid be used for this test, the liquid must first be boiled and 
then 1, 2, or 3 drops of acid added to each 10-15 c.c., depending on the 
amount of proteid present, and boiled before the addition of each drop. If 
dilute nitric acid be used, then to 10-15 c.c. of the previously boiled liquid 
15-20 drops of the acid must be added. If too little nitric acid be added, a 
soluble combination of the acid and proteid is formed, which is precipitated 
by more acid. A proteid solution containing a small amount of salts 
must first be treated with about I per cent NaCl, since the heating test 
may fail, especially on using acetic acid, in the presence of only a slight 
amount of proteid. 2. Behavior towatds Mineral Acids at Ordinary Tern-- 
peratures. The proteids are precipitated by the three ordinary mineral 
acids and by metaphosphorie acid, but not by orthophosphoric acid. If 
nitric acid be placed in a test-tube and the proteid solution be allowed to 
flow gently thereon, a wbite opaque ring of precipitated proteid will form 
where the two liquids meet (Heller’s albumin test). 3. Precipitation by 
Metallic Salts. Copper sulphate, neutral and basic lead acetate (in small 
amounts), mercuric chloride, and other salts precipitate proteid. On this 
is based the use of proteids as antidotes in poisoning by metallic salts. 4. 
Precipitation by Ferro- or Ferricyanide of Potassium in Acetic-acid Solution. 
In these tests the relative quantities of reagent, proteid, or acid do not 
interfere with the delicacy of the test. 5. Precipitation by Neutral Salts ^ such 
as Na^SO^ or NaCl, when added to saturation to the liquid acidified with 
acetic acid or hydrochloric acid. 6. Precipitation by Alcohol. The solution 
must not be alkaline, but must be either neutral or faintly acid. It must, 


impossible to give a short review of the subject, hence we can only refer for the litera- 
ture to Hamburger, Osmotischer Druck und lonenlehre in den med. Wissenschaften, 
Wiesbaden, 1902-1904; H. Aron, Uber, organische KoUoide, Biochem, CentralbL, S, 
pp. 461 and 501. , , 

* Hofmeister’s Beitr§,ge, S. 
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at the same time; contain a sufficient quantity of neutral salts. 7. Precipi^ 
tation by Tannic Acid in acetic-acid solutions. The absence of neutral 
salts or the presence of free mineral acids may prevent the appearance of 
the precipitate, but after the addition of a sufficient quantity of sodium 
acetate the pu'ecipitate will in both cases appear. 8. Precipitation by 
Phmphotungsfic or Phosphomolybdic Acids in the presence of free mineral 
acids. Potassium-mercuric iodide and potassium-bismuth iodide precipitate 
proteid solutions acidified with hydrochloric acid. 9. Precipitation by 
Picric Acid in solutions acidified by organic acids. 10. Precipitation by 
Trichloracetic Acid in 2“5 per cent solutions. 11. Precipitation by Salt- 
cylsulphonic Acid. The proteids are precipitated by nucleic acids, tauro- 
cholic and chondroitin-sulphuric acid in acid solutions. 


B. Color Reactions for Proteid Bodies. 

1. Milton’s Reaction.'^ A solution of mercury in nitric acid containing 
some nitrous acid gives a precipitate with proteid solutions which at the 
ordinary temperature is slowly, but at the boiling-point more quickly, 
colored red; and the solution may also be colored a feeble or bright red. 
Solid albuminous bodies, when treated by this reagent, give the same 
coloration. This reaction, which depends on the presence of the aromatic 
group in the proteid, is also given by tyrosine and other monohydroxyl 
benzene derivatives. According to O. Nasse ^ it is best to use a solution 
of mercuric acetate which is treated with a few drops of a 1 per cent solu- 
tion of potassium or sodium nitrite; previous to use a few drops of acetic 
acid are added. 2. Xanthoproteic Reaction. With, strong nitric acid the 
albuminous bodies give, on heating to boiling, yellow” flakes or a yellow 
solution. After making alkaline with ammonia or alkalies the color becomes 
orange-yellow. 3. Adamkiewicz^ s Reaction. If a little proteid is added 
to a mixture of 1 voL concentrated sulphuric acid and 2 vols. glacial acetic 
acid a reddish-violet color is obtained slowly at ordinary temperatures, but 
more quickly on heating. According to Hopkins and Cole ^ this reaction 
takes place only on using glacial acetic acid containing glyoxylic acid. 
According to them it is better to use a solution of glyoxylic acid, which can 
be readily prepared by adding sodium amalgam to a concentrated solution 
of oxalic acid and filtering after the discharge of the gas. A dilute aqueous 


^ The reagent is obtained in the following way: 1 pt. mercury is dissolved in 2 pis. 
nitric acid (of sp. gr. 1.42), first cold and then wanned. After complete solution of 
the mercury add 1 volume of the solution to 2 volumes of water. Allow this to stand 
a few hours and decant the supernatant liquid. ■ 

2 See O. Nawsse, Sitzungsb. d. Naturforsch. Gesellsch. zu Halle, 1879, and Pfiuger's 
Arch., SB; see also Vaubel and Blum^ Journ; i prakt. Chem. (N. F.), 57. 

* Proceed. Roy. 
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solution of tRe acid or some of the solid acid is added to the proteid solu- 
tion and sulphuric acid allowed to flow down the side of the test-tube; when 
the reddish-violet color will appear at the point of contact of the two 
liquids. Gelatine does not give this reaction. 4. Biuret test. If a proteid 
solution be first treated with caustic potash or soda and then a dilute cop- 
per-sulphate solution be added drop by drop ^ first a reddish, then a red- 
dish- violet, and lastly a violet-blue color is obtained. 5. Proteids are 
sohible on heating with concentrated hydrochloric acid, producing a violet 
color, and when they are previously boiled with alcohol and then washed 
with ether (LiebermannG they give a beautiful blue solution. This blue 
color is due, according to Cole, ^ to a contamination of the ether with gly- 


oxylic acid, which reacts with the tiyptophane groups split off by the h3"dro- 
chloric acid. 6. With concentrated sulphuric acid, and sugar (in small quan- 
tities) the allmminous bodies give a beautiful red coloration. 7. With 
p-dimetlwlaminobenzaidehyde and concentrated sulphuric acid the pro- 
teids give a beautiful reddish-\noiet or deep- violet coloration (O. Neubauee 
and E. Rohde ^). 

Many of these color reactions are obtained, as shown Salkow’^ski,^ by the 
aromatic or heterocyclic cleavage products of the proteids. Millon^s reaction 
is given onl^^ hy the substances of the phenol group; the xanthoproteic 
reaction by the phenol group and skatol or skatol carbonic acid. Liebermann^s 
reaction depends, according to Cole, upon the skatol (indol) group, and the reac- 
tions with sulphuric acid and sugar (Cole) and with dimethylaminobeiizaldehjde 
(Rohde) are also caused by this group. Adamkiewicz’s reaction is given only by 
the bodies of the indol group. The biuret reaction is not only given b}' pro- 
tein substances but also by many other bodies. According to H, Schiff ^ this 
reaction occurs with those bodies containing amino groups, CONH^, CSNH 2 , 
C(NH)NH 2 or also CIi 2 NH 2 , united either directly by their carbon atoms or by 
means of a third carbon or nitrogen atom. As examples of such bodies we can 
mention several diamines or aminoamides, such as oxamide, biuret, glycinamide, 
a- and ^/^-aminobiitjuamide, aspartic-acid amide, etc., although we are not clear 
as to the conditions necessary for the bringing about of this reaction. The biuret 
reaction alone is therefore no proof as to the protein nature of a substance — for 
example, urobilin gives a very similar color reaction — and a protein substanty can 
still retain its protein nature, as by the action of nitrous acid or by a splitting 
off of ammonia, although it does not give the biuret reaction. 

The delicac\" of the various reagents differs for the different proteids, 
and on this account it is impossible to give the degree of delicacy for each 
reaction for all proteids. Of the precipitation reactions, Heller’s test (if 
we eliminate the peptones and certain proteoses) is recommended in the 
first place for its delicacy, though it is not the most delicate reaction, and 

^ CentralbL L- d. med. , Wissensch., 1887. 

^ Zeitsohr. t physiol. Chem., 44. 
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because it can be performed so easily. Among the precipitation reactions/ 
that with basic lead acetate (when carefully and exactly executed) and the 
reactions 6; 7, 8, 9, and 11 are the most delicate. The color reactions 1 to 
4 show great delicacy in the order in which they are given 

No proteid reaction is in itself characteristic^ and, therefore, in testing 
for proteids one reaction is not sufficient, but a number of precipitation and 
color reactions must be employed. 

For the quantitative estimation of coagulable proteids the determina- 
tion by boiling with acetic acid can be performed with advantage, since, by 
operating carefully, it gives exact results. Treat the proteid solution with 
a 1-2 per cent common-salt solution, or if the solution contains large amounts 
of proteid dilute with the proper quantity of the above salt solution, and 
then carefully neutralize with acetic acid. Now determine the quantity 
of acetic acid necessary to completely precipitate the proteids in small 
measured portions o the neutralized liquid which have previously been 
heated on the water-bath, so that the filtrate does not respond to Hel- 
ler’s test. Now warm a larger weighed or measured quantity of the liquid 
on the water-bath, and add gradually the required quantity of acetic 
acid, with constant stirring, and continue heating for some time. Filter, 
wash with water, extract with alcohol and then with ether, dry, weigh, 
incinerate, and weigh again. With proper work the filtrate should not give 
Heller’s test. This method serves in most cases, and especially so in 
cases where other bodies are to be quantitatively estimated in the filtrate. 

The precipitation by means of alcohol may also be used in the quan- 
titative estimation of proteids. The liquid is first carefully neutralized, 
treated with some NaCl if necessary, and then alcohol added until the 
solution contains 70-80 vol. per cent anhydrous alcohol. The precipitate 
is collected on a filter after 24 hours, extracted with alcohol and ether, 
dried, weighed, incinerated, and again weighed. This method is only 
applicable to liquids which do not contain any other substances, like glyco- 
gen, which are insoluble in alcohol. 

In both of these methods small quantities of proteid may remain in the 
filtrates. These traces may be determined as follows: Concentrate the 
filtrate sufficiently, remove any separated fat by shaking with ether, and 
then precipitate with tannic acid. Approximately 63 per cent of the tannic- 
acid precipitate, washed with cold water and then dried, may be considered 
as proteid. 

In many cases good results may be obtained by precipitating all the 
proteid with tannic acid and determining the nitrogen in the washed pre- 
cipitate by means of Kjeldahl’s method. On multiplying the quantity 
of nitrogen found by 6.25 we obtain the quantity of proteid. 

The removal of proteids from a solution may in most cases be performed 
by boiling yith acetic acid. Small amounts of proteid which remain in the 
filtrates may be separated by boiling with freshly precipitated lead car- 
bonate or with ferric acetate, as described by,HoFMEiSTER.^ If the liquid 
cannot be boiled, the proteid may be precipitated by the very careful addi- 


^In regard to the precipitation and coloration reactions of proteids with aniline 
dyes see Heidenhain, Pfiuger^s Arch., 90, 06. 

Zeitschr, f. physiol. Chem., 2 and, 4. ", ^ / 
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tion of lead acetate, or by the addition of alcohol. If the liquid contains 
substances which are precipitated by alcohol, such as glycogen, then the 
proteid may be removed hj the alternate addition of potassium-mercuric 
iodide and hydrochloric acid (see Chapter VIII, on Glycogen Estimation), 
or also by trichloracetic acid as suggested by Obermayer and Frankel.^ 

In the precipitation of proteid as well as the quantitative estimation by means 
of heat, it must be borne in mind, as sIioto by Spiro," that several nitrogenous 
substances, such as piperidine, pyridine, urea, etc., disturb the coagulation of the 
proteids. ■ 

Synopsis of the Most Important Properties of the Different Groups of 

Proteids. 

As it is not possible to base the classification of the different proteid 
groups according to their constitution, we are obliged to make use of their 
different solubilities and precipitation properties in their general characteri- 
zation. As there exist no sharp differences between, the various groups in 
this regard it is impossible to draw a sharp line between them. 

Albumins. These bodies are soluble in Tvater and are not precipitated 
by the addition of a little acid or alkali. They are precipitated by the 
addition of large quantities of mineral acids or metallic salts. Their solu- 
tion in water coagulates on boiling in the presence of neutral salts, but a 
weak saline solution does not. If NaCl or MgS 04 is added to saturation 
to a neutral solution in w^ater at the normal temperature or at 30^0. no 
precipitate Is formed; but if acetic acid is added to this saturated solution 
the albumins readily separate. When ammonium sulphate is added in 
substance to saturation to an albumin solution a complete precipitation 
occurs at the ordinary temperature. Of all the native proteids the albumins 
are the richest in sulphur, containing from 1.6 per cent to 2.2 per cent. 

Globulins. These substances are insoluble in water, but dissolve in 
dilute neutral salt solutions. The globulins are precipitated unchanged 
from these solutions by sufficient dilution with water, and on heating they 
coagulate. The globulins dissolve in water on the addition of very little 
acid or alkali, and on neutralizing the solvent they precipitate again. The 
solution in a minimum ftmoimt of alkali is precipitated by carbon dioxide, 
but the precipitate may be redissolved by an excess of the precipitant. 
The neutral solutions of the globulins containing salts are partly or com- 
pletely precipitated on saturation with NaCl or MgS 04 in substance at 
normal temperatures. The globulins are completely precipitated by half- 
saturating with ammonium sulphate. The globulins contain an average 
amount of sulphur generally not below 1 per cent. , 


1 Obermayer, Wien, med, Jahrbucher, 1888j Frankel, Pfliiger^s Arch., 52 and 55. 
' ® Zeitschr. i physiol Chem., SO. ‘ ' 
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According to J. Starke ^ the globulins are not soluble in dilute salt SGlutioiiSj 
but form alkali proteid compounds whose solubility in salts is brought about by 
an increase in the free OH ions produced by the salts. This view is not tenable 
for several globulins and seems in fact not to be well founded. 

That a sharp line cannot be drawn between the albumins and globulins 
follows from the fact that the albumins can be converted into gicb- 
ulins. The possibility of a conversion of ovalbumin into globulin is based 
upon the observations of Starke. That a transformation of seraibumin 
into serglobiilin b}^ the aid of the weak action of alkali in the warmth, with 
the splitting off of sulphur, can take place, has been more conclusively 
shown by Moll^ by experimenting with blood-serum as well as with crys- 
talline seraibumin. According to Moll first pseudogiobulin is formed 
from the seralbumin and then euglobulin (see Chapter AH). The artificial 
globulins thus obtained had the same sulphur content and properties as 
the natural products. 

It is just as difficult to draw a sharp line between the globulins and 
albuminates as it is between the globulins and albumins. Several globulins 
are very readily changed by the action of very little acid, as also by standing 
under water when in a precipitated condition, into albuminates, *and then 
become insoluble in neutral salt solutions. Osborne,*^ who has closely 
studied this property in connection with edestin (from hemp-seed), considers 
the globulin, ‘^^gioban, which has been made insoluble in salt solution, 
as an intermediate step in the formation of the albuminate which is pro- 
duced by the hydrolytic action of the H ions of water or of the acid. 

Nucieoalbumins, This group of phosphorized proteids is found widely 
distributed in both the animal and vegetable kingdoms. The nucleoalbiimins 
behave like weak acids; they are nearly insoluble in w^ater, but dissoh^e 
easily with the aid of a little alkali. The nucleoalbiimins resemble certain . 
of the globulins and albuminates in solubility and precipitation properties, 
but differ from these two groups by containing phosphorus. They stand 
close to the iiucleoproteids by their content of phosphorus, but differ from 
these in not yielding any purine bases on cleavage. It has not yet been 
found possible to obtain from The nucleoalbiimins any proteid-free pseudo- 
nucleic acids corresponding to the nucleic acids, but only acids rich in 
phosphoms, which always give the proteid reactions (Levene and Alsberg, 
Salkowski"^). For this reason the niicleoalbumins cannot be classed as 


^ Zeitschr. f. Biologic, 40 and 42. In regard to the various views on this subject 
see Wolff and Smits, ibi(L, 41; Osborne, I, c.; Hammarsten, Ergebnisse der Physiologie, 
Jahrg. I, Abt. 1. ■ \ ^ ■ 

2 HofmeistePs IMtrage, 4 and 7. , ' 

Zeitschr. h physiol Chem., 03. ^ . 

Levene and Alsberg, Bl; Salkowskp Levene, ibid., 02. 
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compound proteids. In peptic digestion a proteid rich in phosphorus can 
be split off from most nucleoalbumins, and this has been called para- or 
pseudonuclein. The claim made by Liebermann that the pseudonucieiii 
is a combination of proteid mth metaphosphoric acid has been shown to 
be incorrect by the investigations of Giertz4 The nucleoalbiimins always 
seem to contain some iron. 

The separation of pseudonuclein in peptic digestion is no doubt characteristic 
of the nucleoalbumin group, but the non-appearance of the pseudonuclein precipi- 
tate does not entirely exclude the presence of a iiucleoalburnin. The extent (ff 
such a cleavage is dependent upon the intensity of the pepsin digest ion j the 
degree of acidity, and the relationship between the iiucleoalburains and the 
digestive fluids. The separation of a pseudonuclein may, as shown by Salioiwski, 
not occur even in the digestion of ordinary casein, and Wroblewski did not 
obtain any pseudonuclein at ail in the digestion of the casein from human milk. 
WiMAN has also shown in the digestion of vegetable nueleoalburniii that the 
obtainment of considerable pseudonuclein or none is dependent upon the way in , 
which the digestion is performed. The most essential characteristic of this group 
of proteids is that they contain phosphorus, and that the xanthine bases are 
absent in their cleavage products. 

The nucleoalbumins are often confounded with nucleoproteids and 
also with phosphorized glucoproteids. From the first class they differ by 
not yielding any xanthine bodies ’when boiled wdth acids, and from the 
second group by not yielding any reducing substance on the same treat- 
ment, 

Lecithalbumins. In the preparation of certain protein substances 
products are often obtained containing lecithin, and this lecithin can only 
be removed with difficulty or incompletely by a mixture of alcohol and 
ether. Ovovitellin (Chapter XIII) is such a protein body containing 
considerable lecithin, and Hoppe-Seyler considers it a combination of 
proteid and lecithin. Similar substances occur in fish-eggs. These last 
lecithalbumins often have the solubilities of the globulins and are readily 
soluble in dilute salt solutions. The behavior of the niicieoalbumin of 
the eggs of the perch shows how easily this solubility may be changed. This 
nucleoalbumin, which contains considerable amounts of lecithin, is readily 
soluble in dilute NaCl solution, but at ordinary temperatures it is changed 
by O.i per cent HCl nearly instantaneously and without splitting off 
lecithin, so that it becomes insoluble in dilute salt solutions (Hammarsten), 
Liebermann 2 has obtained proteids containing lecithin as an insoluble 


^ Liebermann, Ber. d. deutsch. chem. Geseilsch., 21; Giertz, Zeitschr. f. physiol. 
Chem., 28. 

^ Salkowski, Pfliigeffs Arch., 63; lYrdblevrski, Beitrage zur Kenntnis des Frauen- 
kaseins, Inaug.-Diss. Bern, 1894; Wiman, Upsala Lakaref. Fork. (N. F.), 2. r 

^ Hoppe-Seyier, Med. chem. LTntersuch., 1868; also Zeitschr. f. physiol. Chem., 13, 
479; Hammarsten, Skand, Arch. f. Physiol.,, 17; Liebermann, Pfliigerts Archiv, 50 
and 54. 
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residue on the peptic digestion of the mucous membrane of the stomach, 
lively Sidneys, lungs, and spleen. He considers them as combinations of 
proteid and lecithin and calls them kcithalbumins. Further investigation 
of these bodies is desirable. 

■Aikaii and Acid Albuminates. The native proteids are modified by the 
action of sufficiently strong acids or alkalies. By the action of alkalies 
all native albuminous bodies are converted, with the elimination of nitro- 
gen, or by the action of stronger alkali, with the extraction of sulphur also, 
into a new modification, called alkali albuminate, whose specific rotation 
is increased at the same time. If caustic aikaii in substance or in strong 
solution be allowed to act on a concentrated proteid solution, such as 
blood-serum or egg-albumin, the alkali albuminate may be obtained as a 
solid jelly which dissolves in water on heating, and which is Galled ^^Lieber- 
KUHN^s solid alkali albuminate.” By the action of dilute caustic alkali 
solutions on dilute proteid solutions we have alkali albuminates formed 
slowly at the ordinary temperature, but more rapidly on heating. These 
solutions may vary with the nature of the proteid acted upon, and also 
with the intensity of the action of the aikaii, but still they have certain 
reactions in common. 

If proteid is dissolved in an excess of concentrated hydrochloric acid, or 
if we digest a proteid solution acidified with 1-2 p. m. hydrochloric acid in 
the thermostat, or digest the proteid for a short time with pepsin-hydro- 
chloric acid, we obtain new modifications of proteid which indeed may show 
somewhat varying properties, but have certain reactions in common. These 
modifications, which may be obtained in a solid gelatinous condition on 
sufficient concentration, are called acid albuminates or acid albumins, and 
sometimes syntonin, though we prefer to apply the term syntonin to the 
acid albuminate, which is obtained by extracting muscles %vith hydrochloric 
acid of 1 p. m. 

The alkali and acid albuminates have the following reactions in com- 
mon: They are nearly insoluble in water and dilute common-salt solu- 
tion (see page 46), but they dissolve readily in water on the addition of a 
very small quantity of acid or alkali. Such a solution as nearly neutral as 
possible does not coagulate on boiling, but is precipitated at the normal tem- 
perature on neutralizing the solvent by an alkali or an acid. A solution of 
an alkali or acid albuminate in acid is easily precipitated on saturating 
with NaCI, but a solution in alkali is precipitated with difficulty or not at 
all, according to the amount of alkali it contains. Mineral acids in excess 
precipitate solutions of acid as '^ell as aikaii albuminates. The nearly neu- 
tral solutions of these bodies are also precipitated by many metallic salts. 

Notwithstanding this agreement in the reactions, the acid and alkali 
albuminates are essentially diSerent, for by dissolving an alkali albuminate 
in some acid no acid albuminate scdutioii is obtained, nor is an alkali al- 
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buminate formed on dissolving an acid albuminate in water by the aid of 
a little alkali. In the first case we obtain a combination of the alkali 
albuminate and the acid soluble in water, and in the other case a soluble 
combination of the acid albuminate with the alkali added. The chemical 
process in the modification of proteids wdth an acid is essentially different 
from the modification with an alkali, hence the products are of a different 
kind. The alkali albuminates are relatively strong acids. They may be 
dissolved in water with the aid of CaCOs, with the elimination of CO2, 
which does not occur with typical acid albuminates, and they show in 
opposition to the acid albuminates also other variations which stand in 
connection with their strongly marked acid nature. Dilute solutions of 
alkalies act more energetically on proteids than do acids of corresponding 
concentration. In the first case a part of the nitrogen, and often also the 
sulphur, is split off, and from this property we may obtain an alkali albu- 
minate by the action of an alkali upon an acid albuminate; but we cannot 
obtain an acid albuminate by the obverse reaction (K. Morner i). For 
this reason the designation of the modified proteid obtained by the action 
of alkali or acid as protein, the combination of this protein with alkali 
as alkali albuminate, and the combination with acid as acid albuminate, 
leads to a misunderstanding or to a wrong conception. 

The preparation of the albuminates has been given above. The cor- 
responding albuminate obtained by the action of alkalies or acids upon a 
proteid solution may be precipitated by neutralizing with acid or alkali. 
The washed precipitate is dissolved in water by the aid of a little alkali or 
acid, and again precipitated by neutralizing the solvent. If this precipi- 
tate which has been washed in water is treated with alcohol and ether, 
the albuminate wfill be obtained in a pure form. 

In the preparation of acid as well as of alkali albuminates, proteoses and the 
nearly related albuminates are formed. The '^alkali albumose” obtained by 
Maas ^ belongs to this class. The lysalbinic acid and protalbmic acid obtained 
by Paal ® from ovalbumin are likewise alkali albuminates. Desammoalbuminic 
acid is an alkali albuminate which Schmiedeberg ^ obtained by the action of such 
weak alkali that a part of the nitrogen was evolved, but the quantity of sulphur 
remained the same. The proteid combination obtained by Blum by the action 
of formol on proteid and called by him protogen has similarities with the alkali 
albuminates in regard to solubilities and precipitation, but is not identical 
therewith.® 


^ PfiugePs Arch., 17. 

^ Zeitschr. f. physiol. Chem., 80. 

^ Ber. d. d. chem. Gesellseh., 85. 

^ Arch. f. exp. Path. u. Pharm., 89. 

®Blum, Zeitschr. f. physiol, Chem.^ 22. The older investigations of Loew may 
be found in Malyhs Jahresber., 1888. On the action of formaldehyde see also Benedi- 
centi, Arch. f. (Anat. u.) Physiol., 1897; Si Schwartz, Zeitschr. f. physiol. Chem., 80? 
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THE PROTEIN SUBSTANCES. 


Proteoses a'M Peptones. Peptones were formerly designated , as the 
final products of the decomposition of protein bodies by means of pro- 
teolytic enzymes, in so far as these final products are still true proteins, 
while the intermediate products produced in the peptonization of proteins, 
in so far as they are not substances similar to albuminates, were designated 
as proteoses (albumoses, or propeptones) . Proteoses and peptones may also 
be produced by the hydrolytic decomposition of the proteins with acids 
or alkalies, and by the putrefaction of the same. They ma}^ also be formed 


in veiy small quantities as by-products in the investigations of animal fluids 
and tissues, and the question as to the extent to which these exist pre- 
formed under physiological conditions requires very careful investiga- 
tion. 

Between the peptone, which represents, the final cleavage product, and 
the proteose, which stands closest to the original protein, we have undoubt- 
edly a series of intermediate products. Under such circumstances it is a 
difficult problem to try to draw a sharp line between the peptone and 
the proteose group, and it is just as difficult to define our conception of 
peptones and proteoses in an exact and satisfactory manner. 

The ]jroteoses (or alhumoses) used to be considered as those protein bodies 
whose neutral or faintly acid solutions do not coagulate on boiling, and 
which, to distinguish them from peptones, were characterized chiefly by 
the following properties: The watery solutions are precipitated at the 
ordinary temperature by nitric acid, as well as by acetic acid and potassium 
ferrocyanide, and this precipitate has the peculiarity of disappearing on 
heating and reappearing on cooling. If a proteose solution is saturated 
.with NaCl in substance, the proteose is partly precipitated in neutral 
solutions, but on the addition of acid saturated with salt it is more com- 
pletely precipitated. This precipitate, which dissolves on warming, is 
a combination of the proteose with the acid. 

We formerly designated as peptones those protein bodies which are 
readily soluble in water and which do not coagulate by heat, whose solutions 
are precipitated neither by nitric acid, nor by acetic acid and potassium 
ferrocyanide, nor by neutral salts and acid. 

The reactions and properties which the proteoses and peptones have in 
common were formerly considered as the following: They give all the color 
reactions of the proteins, but with the biuret test they give a more beautiful 
red color than the ordinary proteids*. They are precipitated by ammoniac-ai 
lead acetate, by mercuric chloride, tannic, phosphotimgstic, and phospho- 
moiybdic acids, by potassium-mercuric iodide and hydrochloric acdd, iiud 
also by picric acid. They are precipitated but not coagulated by a lcohol 
that is, the precipitate obtWed js- soluble Tn''''''''TO 
contact^rith a.Iconol te also 

diffusive 
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power is greater tlie nearer the questionable substance stands to the final 
product, the now so-cailed true peptone. 

These old views have gradually undergone an essential change. After 
HeynsiusV^ observation that ammonium sulphate was a general precipi- 
tant for proteins, and for peptones in the old sense, Kuhn e and his pupils^ 
proposed this salt as a means of separating proteoses and peptones. Those 
products of digestion which separate on saturating their solution with 
ammoiiium sulphate, or can indeed be salted out at all, are considered 
by Kuhne and also by most of the modern investigators as proteoses, while 
those which remain in solution are called peptones or true peptones. These 
true peptones are formed in relative^ large amounts in pancreatic diges- 
tion, while in pepsin digestion they are formed only in small quantities 
or after prolonged digestion. 

According to Sohutzenberger and Kuhne the proteins yield two 
chief groups of new protein bodies when decomposed by dilute mineral 
acids or with proteolytic enzymes; of these the anti group shows a greater 
resistance to further action of the acid and enzyme than the other, namely, 
the hemi group.. These two groups are, according to Kuhne, united in 
the different proteoses, even though in various relative amounts, and each 
proteose contains the anti as well as the hemi group. The same is true for 
the peptone obtained in pepsin digestion, hence he calls it amphopeptone. 
In tryptic digestion a cleavage of the amphopeptone takes place into anti- 
peptone and heniipeptone. Of these two peptones the hemipeptone is further 
split into amino-acids and other bodies, while the antipeptone is not attacked. 
By the sufficiently energetic action of trypsin only one peptone is at last 
obtained, the so-called antipeptone. 

KtiHNE and his pupils, who have conducted extensive investigations 


on the proteoses and peptones, classify the various proteoses according 
to their different solubilities and precipitation properties. In the pepsin 
digestion of fibrin ^ they obtained the following proteoses: (a) Hetero- 
proteose, insoluble in water but soluble in dilute salt solution; {h) Proto- 
proteose, soluble in salt solution and water. These two proteoses are 
precipitated by NaCl in neutral solutions, but not completely. Hetero- 
proteose may, by being in contact with water for a long time or by drying, 
be converted into a modification, called {c) Dysproteose, which is insoluble - 


^ Pfluger^fl Arcliiv, SI. 

2 See Kuhne, VerhandL d, naturhistor. Vereins zu Heidelberg (N. F.), S; J. Wenz, ' 
Zeitsehr. f. Biologic, 22; Kiihne and Chittenden., Zeitschr. f. Bioiogie, 22; R, Neu-, , 
meister, ibid., 2Z; Kuhne, ibid., 2d. , , 

® Schutzenberger, BuiL de ia Soc. chimique de Paris, 2S; Kiihne, VerhandL' d. 
naturhist. Vereins zu Heidelberg (N. F.), 1, and Kiihne and, Chittenden, Zeitschr. f. ; 

See Kiihne and Chittenden, Zeitschr; f. Bioiogie, ^ ■, ; ’ . ■ 






in 'dilut^^^ solutions, (d) Deuteroproteose is a proteose which is soluble 
in water and ^'dilute salt solution, and which is incompletely, precipitated 
from acid solution by saturating with NaCl, and is not precipitated from 
neutral solutions. This precipitate is a combination of the proteose with 
acid (Herth^). The deuteroproteose is essentially the same thing that 
Bruckb has designated as peptone. 

The proteoses obtained from different protein bodies do not seem to be 
identical, but differ in their behavior to precipitants. Special names have 
been given to these various proteoses according to the mother-protein, 
namely, alhumoses^ globuloses, vitelloses^ caseoses, myosinoses, etc. These 
various proteoses are further distinguished, as proto-, hetero-, and deuiero- 
caseoses, for example. Chittenden ^ has suggested the common name 
proteoses for the products formed intermediary between the proteins and 
peptones in the digestion of animal and vegetable proteins. We have 
made use of it in this sense in preference to the word albiimose (which is 
used in the German and by some other writers), but which will be used 
in this book as indicating the intermediary products in the hydrolysis 
of albumins and not as a general term. Certain proteoses have also been 
obtained in a crystalline state (Schrotter). 

Neumeister '* designates as atmidalbumose that body which is obtained by 
the action of superheated steam on fibrin. At the same time he also obtained a 
substance called atmidalbu7?iin, which stands between the albuminates and the 
proteoses. 

Of the soluble proteoses Neijmeister designates the protoproteose and 
heteroproteose as primary proteoses, while the deuteroproteoses, which are 
closely allied to the peptones, he calls secondary proteoses. As essential 
differences between the primary and secondary proteoses he suggests the 
following:^ The primary proteoses are precipitated by nitric acid in salt- 
free solutions, while the secondary proteoses are precipitated only in salt 
solutions, and certain deuteroproteoses, such as deuterovitellose and deu- 
teromyosinose, are precipitated by nitric acid only in solutions saturated 
with NaCl. The primary proteoses are precipitated from neutral solutions 
by copper-sulphate solution (2:100), and by NaCl in substance, while the 
secondary proteoses are not. The primary proteoses are completely pre- 


^ Mouatshefte f, Chem., 5. 

^ Kuhne and Chittenden, Zeitschr. f. Biologie, 22 and 25; Neurneister, ilmL, 2S; 
Chittenden and Hartwell, Joum. of Physiol., 11 and 12; Chittenden and Painter, 
Studies from the Laboratory, etc., Yale University, 2, New Haven, .1887; Chittenden, 
ibid., S; Sebelien, Chem. Centralblatt, 1890; Chittenden and Goodwin, Joum. of 
Physiol.. 12. ■ ' . - ' y- ■ ^ 

^Zeitschr. f. Biologie, 26. See also Chittenden and Meara, Joum. of Physiol., 
15, and Salkowski, Zeitschr. 1 Biologie, S4 and S7. ’ 

Zeitschn 24;and 26*’ ■ ■ 
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cipitated from a solution saturated with NaCl by the addition of acetic 
acid saturated with salt, while the secondary proteoses are only partly 
precipitated. The primary proteoses are readily precipitated by acetic 
acid and potassium ferrocyanide, while the secondary are onl}^ incompletely 
precipitated, after some time. The primary proteoses are also, according 
to PiCK,^ completely precipitated by ammonium sulphate (added to one-* 
half saturation), while the secondary proteoses remain in solution. 

The true peptones, as they were formerly considered to be, are exceed- 
ingly hygroscopic, and if perfectly dry, sizzle like phosphoric anhydride 
when treated with a little wsiter. They are exceedingly soluble in w^ater 
diffuse more readily than the proteoses, and are not precipitated by ammo- 
nium sulphate. In contradistinction to the proteoses, the true peptones 
are not precipitated by nitric acid (even in solutions saturated with salt), 
b}^ sodium chloride and acetic acid saturated with salt, potassium ferro- 
cyanide and acetic acid, picric acid, trichloracetic acid, potassium-mercuric 
iodide, or hydrochloric acid. They are precipitated by phosphotungstic acid, 
phosphomolybdic acid, corrosive sublimate (in the absence of neutral salts), 
absolute alcohol, and tannic acid, but the precipitate may redissolve on the 
addition of an excess of the precipitant. As an important difference between 
amphopeptone and antipeptone we must also mention that the former gives 
Millon's reaction, while the antipeptone does not. 

In regard to the precipitation by alcohol we must call attention to the observa- 
tions of Frankel that not only are the acid combinations of peptone (Paal) 
soluble in alcohol, but also the free peptone, and Frankel has even suggested a 
method of preparation based on this behavior. Schrotter ^ has also prepared 
crystalline proteoses which were soluble in hot alcohol, especially methyl alcohol 

The views on the hj^drolytic cleavage products of peptic and tryptic 
digestion \vhieh were accepted until a few years ago have recently been 
considerably modified in several points. As this question of peptones 
is at the present time undergoing active development, and as it is also 
Very complicated and still not clear in many points, it is at present not 
possible to give a clear, short, and still comprehensive discussion of the 
subject. We can give here only the most important results. 

The older view that in peptic digestion only proteoses and peptones^ but 
no simpler cleavage products, are formed has been shown not to be true. 
The works of Zunz, Pfaunbler, Salaskik, Lawrow, Langstein,^ and 
others have shown that simpler products can be produced, some whose 


.. . ^Zeitsclir. f. physiol. Chem., 24. 

® Frankel, Zur Kenntnis der Zerfallsprodukte des Eiweisses bei peptischer und 
tryptischer Verdauung, Wien, 1896; Schrotter, Honatshefte i Cheni., 14 and 10. ^ 

®Zun 2 , Zeitschr. f. physiol Chem., 2$, and Hofmeister’s Beitrage, 2; Pfaundler, 
Zeitschr. f. physiol. Chem., 30; Saiaskin, ibid. -^2; Salaskin and Kowalewsky, ibid., 
38; Lawrow, iMd*i 33; Langstein, HofineisteFsBeiti^ge,-! and 2. , , . . 
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■nature is still unknown,. while others are known, such as alanine, leucine, 
leucinirnide, aminovaierianic acid, aspartic and glutamic acids, phenyl- 
alanine, tyrosine, pyrrolidine-carboxylic acid, and lysine and on further 
cleavage indeed also oxyphenyiethylamine, tetra- and pentamethylene- 
diamine. It has not been possible to cause a disappearance of the biuret 
* reaction, and the occurrence of tiyptophane is somewhat disputed. Mal- 
FATTi obtained tryptophane in peptic digestion only when he used a certain 
apparently impure preparation of pepsin, and on using pepsin purified 
according to Pfkelharing it was absent. According to PEKiiyLHARiNG,^ 
purified pepsin also yields tryptophane when the solution is rich in pepsin, 
and also when the acidit}^ is not too strong, in the presence of small amoimts 
of pepsin. 

In connection with the above-mentioned experimental results it must be 
remarked that not all the products found, for example the oxyphenyiethylamine 
and the diamines, are produced by the action of pepsin, but rather by the action of 
other enzymes. In certain cases, undoubtedly, impure pepsin was used, or indeed 
autodigestion of the stomach was carried on, and the action of other enzymes 
was not excluded. In other cases the digestion with pepsin and considerable 
acid (even 1 per cent H 2 SO 4 ) was continued for a very long time, indeed for an 
entire year, without controlling the influence of the acid alone upon the proteoses. 

Kuhne^s view that in tryptic digestion always a peptone, so-called 
antipeptone, remains which cannot be further split is not strictly true. 
By sufficiently long autodigestion of the pancreas Kutscher^ was able 
to obtain as final products a mixture of digestion i^roducts which failed to 
respond to the biuret test. In this connection we must remark that the 
pure antipeptone (see below), isolated by Siegfried, could be split by 
trypsin only with great difficulty, and also that the complete disappearance 
of the biuret reaction in tryptic digestion does not show that a complete 
decomposition into amino-acids has taken place. According to E. Fischer 
and Abderhalden,^ polypeptide-like bodies are produced, especially in 
tryptic digestion, and these bodies resist the prolonged action of the enzyme^ 
but yield several different amino-acids on hydrolytic cleavage by acids. 
The same is probably also true for peptic digestion (see below), and the 
difference in the digestive products between pepsin and trypsin digestion 
consists essentially only in that in the first case the cleavage is slower and 
does not proceed so far, hence the biuret reaction remains and no forma- 
tion of tryptophane takes place. 

By the use of the methods specially worked out b}?^ the Hoi^’meister 
school, of fractionally salting out with ammonium sulphate or zinc siil- 


' ^ Maifatti, Zeitschr. f. physiol. Chem:, SI; Pekelharing, Arehives d, scienc. biolog, 

de Bt. P^ersbourg, 11; Pawlow pestbaud',"' y ; ' '' 

^Zeitschr, E physiol Chem.,; 2S, 'and Bie^ Endprodukte der Trypsin-' 
verdauung, Habilitationsscimft Slrassburg, 1899. 

^ Zeitschr.'l .physiol, i * y • . ^ - 
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plaate, numerous attempte to separate the various proteoses and peptones 
have recently been made b}^ Umber, Alexander, Pfaundler, and espe- 
cialiy by Pick and ZuNzd Not only have we learned by these methods of a 
larger number of proteoses, but our older conception of the products formed 
primarily has been materially modified. Immediately at the commencement 
of digestion, even in peptic digestion, a splitting of the protein molecule * 
into several complexes takes place. In opposition to the view of Huppebt,^ 
that the proteoses, in pepsin digestion, are always derived from the pri- 
marily formed acid albuminate, Pick and Zunz have shown that several 
proteoses, as well as acid albuminate, appear as primary products at the 
commencement of the digestion. According to Goldschmidt a splitting 
off of proteoses and the formation of acid albuminate takes place simul- 
taneously by the action of dilute acids alone. Besides the proteoses we 
have, according to Zunz and Pfaundler, even at the beginning, also 
other primary bodies, which cannot be salted out and which do not give 
the biuret reaction, but are in part precipitated by phosphotungstic acid. 
These little knowm products seem to be intermediate between the pep- 
tones and the amino-acids, and they correspond probably to the poty- 
peptide bodies obtained by Fischer and Abderhalden in tryptic digestion. 

By fractional precipitation of Witters peptone with ammonium sulphate 
Pick has obtained various chief fractions of proteoses. The fi.rst contains the 
proto- and heteroproteoses, whose precipitation limit lies at 24-42 per cent satu- 
ration with ammonium sulphate solution, i.e., the presence of 24-42 c.c. of the 
saturated ammonium sulphate solution in 100 c.c. of the liquid. Then follows 
a fraction A at -54-62 per cent saturation, then a third fraction B, with 70-05 
per cent saturation, and finally fraction C, which precipitates from the saturated 
solution on acidification with sulphuric acid saturated with the salt. 

The hetero- and protoproteoses are not, according to our present views, 
the only primary proteoses. In the proteose fraction B, obtained on saturat- 
ing with ammonium sulphate in neutral liquids, primary proteoses are 
also found. As examples we may mention the glucoproteose (Pick) wdiich 
contains a carbohydrate .group, and Hofmeister’s ^ synproteose. Unequal 
responsiveness to the salting-out process is no longer sufficient to differen- 
tiate between the primary and secondary proteoses, especially as Haslam^ 
has shown that the products obtained by fractionation are not units Init 


^ Umber, Zeitschr. f. physiol. Chem.,, 25; Alexander, ibid., 25; Pfaundler, ibid,, 
30; Zimz, ibid, 28, and Hofmeisteds Beitrage, 2; Pick, 2, and Zeitschr. f. physiol 
Chem., 24 and 28. 

® Sehiitz and Huppert, PfliigePs Arch./ 80. 

^ F. Goldschmidt, Ueber die Einwirkimg von Sauren auf Eiweissstoffe, Inaug,- 
Diss. Strassburg, 1898^ 

^ Ueber Ban und Gruppirung der Eiweisskdrper, Ergebnisse der Physiol, Jahrg. I 
Abt. 1,783. 

® Joum. of Physiol., 32. ; ; ? 
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mixtures. ' ' Accordin^^ to Haslam, it is possible to . separate the various pro- 
teoses by salting out only by following the directions he suggests. 

Under these circumstances we cannot enter into a discussion of the 
properties of various proteoses thus far prepared. The differences which 
exist between the hetero- and protoproteoses obtained from fibrin (Pice^) 
are of great interest. The heteroproteose is insoluble in 32 per cent alcohol, 
yields only very little tyrosine or indol, but gives abundant leucine and 
glycocoll, and contains about 39 per cent of the total nitrogen in a basic 
form. The protoproteose, on the contrary, is soluble in 80 per cent alcohol, 
yields considerable tyrosine and indol, only little leucine but no glycocoll, 
and contains only about 25 per cent basic nitrogen. Friedmann, Hart^ 
and Levene have obtained very similar results in regard to the quantity 
of basic nitrogen in the two proteoses, although Levene did not find the 
same results as Pick in regard to the amounts of leucine, tyrosine, and 
glycocoll in the two proteoses. However, Haslam has showm that Pick’s 
heteroproteose was contaminated by a proteose which was readily pre- 
cipitated by alcohol and called a-protoproteose and that there also exists 
besides this a second protoproteose, ^-protoproteose, which is probably 
identical with Pick’s proteose; still tliis does not change the fundamental 
fact that we have a hetero- and a protoproteose which differ essentially 
in chemical constitution. Hart ^ also showed that the heteroproteose 
(from muscle syntonin) is considerably richer in arginine and poorer in 
histidine than the protoproteose. 

According to Pick, the heteroproteose is also more resistant tow^ards 
trypsin digestion than the protoproteose, a behavior w’^hich coincides wnth 
Kuhne’s view of a resistant atomic complex, an antigroup, in the protein 
bodies. Kuhne and Chittenden^ obtained regularly on the tr 3 ^ptic 
digestion of heteroproteose a separation of so-called antialbumid, a body 
which is attacked with great difficulty in tryptic digestion, but which sepa- 
rates as a jelly-like mass and which is richer in carbon (57.5~5S.09 per cent), 
but poorer in nitrogen (12.61-13.94 per cent), than the original protein. 

This antialbumid has recently attracted further attention, because, as 
first found by Daniiewsky and as other investigators, Okunew, Saw- 
JALOW, Lawrow, and Salaskin and Kurajepf, have further shown, 
solutions of rennin, gastric juice, pancreatic juice, and papain cause a 
coaguium in not too , dilute proteose solutions. These coaguia, called 
'plasteines (coaguium by rennin) by Sawjalow, and coaguloses (coagii- 
lum by papain) by Kitrajepp,^ are similar in many respects to antialbumid, 

^ Zeitschr, f. physiol. Chem., 28. 

^Friedmann, ibid,, 29; Hart, 30; Haslam, 1. c.; Levene, Jonm. of BioL 

■*The works of Danilewsky and Okunew are cited and reviewed in the following: 
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having a higher content of carbon (57-60 per cent) and nitrogen (13-14.6 
per cent). They are produced only from proteoses and not from peptones, 
and form only a small fraction of the related proteose. We cannot state 
anything with positiveness at present in regard to their importance. It 
is evident from their composition that they do not represent the reforma- 
tion of protein from the proteoses, as claimed by some investigators, and 
their protein nature has indeed been disputed. 

By fractional treatment of Witte’s peptone with alcohol and acetone 
H. Bayer ^ has shown that the substance from which plastein 

is produced, is not a true protein. This substance was soluble in alcohol- 
acetone and gave on further purification neither the Millgn reaction nor 
the biuret test. Its composition also differs from the proteins, contain- 
ing C 38.43, H 7.01, N S.Oo per cent, and the relation of C:N was 4.755:1. 
According to these investigations plasteinogen is not a proteose but may 
rather be considered as a peptoid. 

It is also generally admitted that the peptones are mostly mixtures 
of various bodies.^ Onl}^ those peptones isolated by Siegfried and his 
pupils Muhle, Fr. Muller, Borkel, Kruger, and Scheermesser ^ must 
be considered as chemical individuals. All these peptones have a pro- 
nounced acid character and form salts with carbonates with the evolution 
of carbon dioxide; they are levorotatory and show a constant degree of 
rotation. The pepsin-fibrin peptones, a and /?, isolated and studied b}^ 
Siegfried, Muhle, and Borkel, have the formuiai C 21 H 34 N 6 O 9 and 
CoiHseNeOio, respectively. The /?-peptone seems to be converted into 
a-peptone on the splitting off of water. These pepsin peptones give the 
biuret test as w^ell as jMillon’s reaction. Their solutions are not pre- 
cipitated by tannic acid, picric acid, corrosive sublimate, phospho tungstic 
acid, or alcohol, but are precipitated by basic lead acetate, metaphosphoric 
acid, and acetic acid and potassium ferrocyanide. The pepsin peptone 
may be considered as an amphopeptone in Kuhne’s sense, for in trypsin 
digestion amino-acids are formed, and all the tyrosine and arginine are 
split off and antipeptone is formed. The a-pepsin-fibrin peptone is, like 
the pepsin-glutin peptone, a tribasic acid as well as a biacidic base 

The trypsin-fibrin antipeptones studied by Siegfried and Muller have 

Sawjaiow, Pfiuger^s Arch., 85, and Centralbl. f. Physiol., 16; Lawrow and Saiaskin, 
Zeitschr. f. physiol. Chem., 36; Kurajeff, HofmeistePs Beitrage, 1 and 2; see also 
Sacharow, Bioehem. Centralbl., 1, 233. 

^ Hofjmeister’s Beitrage, 4. 

2 See Kutscher, i. c.; Frankel and Langstein, Wien. Sitaungsber. Math.-Naturw. 
Klasse, 110, 1901; Pick, HofmeistePs.Beitrage, 2. : . , 

® Siegfried, Arch. f. (A oat. u.) Physiol, 1894; also Zeitschr. f. physiol Chem., 21, 
43, and 45; Siegfried and his pupils, 38; Scheermesser, Md., 41. 

* Zeitschr. f. physiol Chem., 45. 
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the formulae a, C10H17N3O5, and G11H19N3O5. They have :a; different' 
specific rotation and are at the same time, according to Neumann, bibasic 
acids and monqacidic bases. The fact that two different antipeptoiies are 
formed from the pepsin-fibrin peptone shows that this latter contains at 
least two antigroups, and not, as Kuhne claimed, only one. The antipep- 
tones do not give the biuret test, but respond to Millon^s reaction, and 
contain no tyrosine groups. They are precipitated by alcohol, but are pre- 
cipitated less readily or less completely by the reagents which precipitate 
the pepsin peptones. They have a persistent resistance towards further 
cleavage by trypsin. On hydrolysis with mineral acids they yield arginine, 
lysine, glutamic acid, and it seems also aspartic acid. The quantity of 
basic nitrogen is less than 25 per cent, and the nitrogen split off as ammonia 
in antipeptone is /? 16.1 and a 21.9 per cent of the total nitrogen. 

The glutin peptones isolated by Siegfried and Kruger have the formulae 
G21H39N7O10 for the pepsin-glutin peptone and G19H30N6O9 for the ^-tryp- 
sin-glutin peptone. The composition of the apparently very pure pepsin- 
glutin peptone as prepared by Scheermesser was C21H39N7O10. It gave 
the biuret test, but did not give the other protein color reactions. Its 
solution became cloudy with picric acid but was not precipitated. Tannic 
acid gave a precipitate which was soluble in acetic acid, while phosphotung- 
stic acid produced a precipitate only in concentrated solution. Of the total 
nitrogen 25 per cent existed as basic and 69.85 per cent as amino-acid 
nitrogen. It yielded arginine, lysine, glutamic acid, and glycocoll as hydro- 
lytic cleavage products; this peptone contained no histidine. 

From glutin peptone, Siegfried, on warming with hydrochloric acid, 
obtained a base, C21H39N9O8, which can also be directly obtained from 
gelatine. This he calls a hyrin because it is to be considered as a basic 
protein nucleus, and he calls this special one glutokyrin. The glutokyiin 
gives the biuret reaction and is considered as a basic peptone. On com- 
plete hydrolytic cleavage it yields arginine, lysine, glutamic acid, and 
glycocoll. Of the total nitrogen two-thirds belongs to the bases and one- 
third to the amino-acids. Similar basic nuclei, protokyrins^ have recently 
been obtained by Siegfried ^ from fibrin and casein, using the same method. 
Caseinokyrin gives a non-cr}^stalline sulphate but a crystalline phospho- 
tungstate. The free caseinokyrin has an alkaline reaction, gives the biuret 
test, and its composition corresponds to the formula C23H47N9OS. It 
yields arginine, lysine, and glutamic acid on cleavage. The basic nitrogen 
amounts to about 85 per cent of the total nitrogen, and hence caseinokyrin 
behaves in this respect like a protamine. 

Skraup and Zwerger have presented certain doubts, based upon their 


^ KgL Sachs. Ges. d, Wiss., MathThys. Klasse, 1903, and Zeitschr. f. physiol. 
Chem., 4?. , 
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own' investigations, ...as ^ individuality of the products designated 

kyrins by SiEGFEiEB. Siegfried ^ repudiates the claims made by these 
investigators, criticises their methods and presents new claims for the 
individuality of the kyrins, describing exactly the properties of their phos- 
photungstates and picrates. The constant composition of the sulphate 
is of importance. It was obtained thus onty after repeated recr}^stalliza“ 
tion (reprecipitation nine times of a caseinokyrin sulphate), but it remained 
unchanged on recrystallization up to fifteen times. 

Among the known cleavage products of proteins, arginine is the only 
one which, up to the present, is never absent, and for this reason we desig- 
nate as proteins only those atomic complexes which contain, besides chained 
monamino-acids, also arginine, or, more simply, show the above two kinds 
of imide bindings. Hence caseinokyrin, which yields only arginine, lysine, 
and glutamic acid, and scombrin (see below), which yields only arginine, 


€r-pyrrolidine-carboxylic acid, and alanine are the simplest known proteins. 

Scombrin belongs to the group of substances called protamines, which 
will be treated of later, and these substances are strongly basic, simple of 
constitution, give the biuret reaction, and are similar to the proteids. 
According to Kossel^ we can conceive of the formation of the protamines 
by a successive cleavage of the typical proteins, and the occurrence of 
basic protokyrins in the hydrolytic cleavage of genuine proteins like gelatine 
has given valuable support to Kossel’s theory as to a basic nucleus in 
the protein bodies. We must not infer from this that each protein con- 
tains only one nucleus. It is, on the contrary, possible and not improbable 
that each protein is composed of several larger complexes and that each 
of these contains a special nucleus. The proteoses may be considered as 
large complexes of this kind which, at least in part, do not separate but seem 
.to stand together. The cleavage of proteins, according to Schutzenberger 
and Kuhne, into a hemi- and an antigroup, of which the first contains, 
among other complexes, the readily split tyrosine and tryptophane, while 
the antigroup contains a-proline (a-pyrrolidine-carboxylic acid), gly cocoll, 
and phenylalanine; the different behaviors of proto- and heteroproteoses; 
and the occurrence of non-biuret-giving polypeptides in digestion, coincide 
well with such a view. 

On account of the cleavage taking place in digestion, the digestive 
products should have a lower molecular weight than the original protein. 
This is really the case. The molecular weight of the different proteins has 
not been determined with certainty,? but it is generally considered as about 


^Skraup and Zwerger, Monatshefte f. Chemie, 26; Siegfried, Zeitschr. f. Physiol, 


^ Zeitschr. f. physiol Chem., 44. 


3 See especially F. N. Schulz, Die GrCsse des Eiweissmolekuls, Jena, 1903. 
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5000-10 OOG lor the albumins and for casein. The molecular weight for 
protoproteoses was; found by Sabanejew to be 2467-2643; and 3200' for, 
the deuteroproteoses. The peptones have a still lower molecular weighty 
being between 400 and 250 for the different peptones (Sabanejew, Paal, 
..Sjoqvist i). 

The elementary analyses ^ have not given us much information as to 
the characteristic differences between the various proteoses and most 
so-called peptones. Certain proteoses, especially those that can be salted 
out with difficulty, and the peptones differ very materially in composition 
from the mother-substances and often have a lower carbon content. 

Besides the behavior in the salting-out process, attempts have been made to 
find other points of difference between the peptones and proteoses. Schrotter 
and Frankel ^ consider the sulphur content as a pronounced point of difference. 
The peptones, a‘ccording to them, are free from sulphur, while the proteoses, on 
the contrary, contain sulphur. Frankel has been able to find only one proteose 
(ill Kuhne's sense) which did not contain sulphur. 

In the preparation and separation of various proteoses and peptones all 
precipitable protein is always removed first by neutralization and then by 
boiling. The proteoses may then be separated from the peptones by means 
of ammonium sulphate according to Kuhne^s method, and divided into 
different fractions according to the method of Pick and the Hofmeister 
school. The separation and preparation of pure hetero- and proto])ro- 
teoses can be best performed by the method suggested by Piciv, but this 
method, as well as that with ammonium sulphate, gives good results only 
when the precautions suggested by Haslam^ are carefully follo\ved. As 
most of the older methods do not give pure substances but rather mixtures, 
it is perhaps sufficient simply to call attention here to other methods, 
such as those suggested by K. Baumann and Bomer, P. Muller, Frankel, 
ScHROTTER, and Paal. The only method which seems thus far to have 
led to a pure preparation of peptone is the iron method used by SiEcamiED.^ 

For the detection of proteoses and peptones in animal fluids we proceed 
as follows, according to Devoto: The coagulable proteins are removed by 
prolonged heating, and the solution is then saturated with ammonium sul- 
phate, True peptones (besides deuteroproteose not precipitated) ma^^ be 
detected in the cold filtrate by means of the biuret test. The proteoses 


^ Sabaaiejew, Ber. d. d. chem. Gesellsch., 20, 385; Paal, ibuL^ 27, 1827; Sjoqvist, 
Skand. Arch. f. Physiol., 5. 

^ Elementary analyses of proteoses and peptones wall be found in the works of 
Kiihne and Chittenden and their pupils, cited in foot-note 2, p. 52; also by Herth, 
Zeitschr. f, physiol. Chem., 1 , and Monatshefte f. Chem., 5; Maly, PfliigePs Arch., 
9, 20; Henninger, Compt. rend., 80; Schrotter, L c.; Paal, I. c. 

^ Schrotter, Monatshefte f. Chem., 14 and 10 ; Frankel, Zur Kenntnis der Zerfalls- 
produkte des Eiweiss bei peptischer und tryptischer Verdauung, Wien, 1890. 

■* Kixhne, Zeitschr. f. Biologie, 28; Pick, L c.; Havslam, 1. c. 

® Baumann and Bomer, Chem. CentralbL, 1S98, 1, 640; Miiller, Zeitschr. f. physioL 
Chem., 20; Fninkei, I. c., Zur Kenntnis, etc.; Schrotter, Monatshefte f. Chem., 14 
and 10; Paal, 1, c.: Siegfried,. L n. ' ^ ' 
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are contained in the mixture of precipitate and salt crystals collected on 
the filter. The proteoses are dissolved from this mixture by ivashing with 
water^ and may be detected in the wash-water by means of the biuret 
test. According to Halliburton and Colls ^ traces of proteoses may 
be formed from other proteins in this method by prolonged heating. As 
the best method they suggest either the precipitation of the native proteids 
by the addition of a 10 per cent trichloracetic-acid solution, or the con« 
version of the native proteins to the insoluble form by the continued action 
of alcohol The last method is hardly applicable to blood-serum, as the 
so-called fibrin-ferment, which also gives the biuret test, is not made insol- 
uble by this procedure. 

If a solution saturated with ammonium sulphate is to be tested for the 
biuret reaction, it must first be treated with a slight excess of concentrated 
caustic-soda solution, the solution being kept cold, and after the sodium 
sulphate has settled, the liquid is treated with a 2 per cent solution of copper 
sulphate, drop by clrop. 

The estimation of nitrogen, the biuret test (colorimetric), and the polari- 
scopic method have been used in the quantitative estimation of proteoses 
and peptones. These two last-mentioned methods do not yield exact results. 

Coagulated Proteins. Proteins may be converted into the coagulated 
condition by difi’erent means: by heating, by the action of alcohol, especially 
in the presence of neutral salts, by chloroform, ether, and metallic salts, 
and by the prolonged shaking of their solutions (Ramsden^), and in cer- 
tain cases, as in the conversion of fibrinogen into fibrin (Chapter VI), by the 
action of an enzyme. The nature of the processes which take place. during 
coagulation is unknown. The coagulated albuminous bodies are insoluble 
in water, in neutral salt solutions, and in dilute acids or alkalies, at normal 
temperature. They are dissolved and converted into aibummates by 
the action of less dilute acids or alkalies, especially on heating. 

Coagulated proteins also seem to occur in animal tissues. We find, at 
least in many organs such as the liver and other glands, proteins which are 
not soluble in water, dilute salt solutions, or veiy dilute alkalies, and only 
dissolve after being modified by strong alkalies. 

Histones are basic proteins which stand to a certain extent between 
the strongly basic protamines (see below) and the tme proteins. Their 
content of nitrogen varies between 16.5 and 19.8 per cent and in certain 
instances is not higher than in other proteins, especially vegetable proteins. 
According to. Kossel and Kutscher and LAWROwthey are, on the contrary, 
richer in basic nitrogenand especially yield more arginine than other proteins. 
Kossel first isolated a peculiar protein substance from the red corpuscles 
of goose blood which was precipitated by ammonia, and because of its 
similarity in certain regards to the peptones (in the old sense) he called 


^ Devoto, Zeitschr. f. physiol Chem., 15 ; Halliburton and Colls, Joum. of Path, 
and Bact., 1895. 

2 Arch, f, (Anat. u.) Physiol, 1894 , 
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it histone. At the present time a number of very different bodies are 
described as histones, such as those obtained from nil cleoliis tone (Lilien- 
feld), from hamioglobin (globin according to Schulz), from mackerel sper- 
matozoa (scombron according to Bang), from the codfish (gadushistone 
according to Kossel and Kutscher), from the burbot, (lotahistone, EIhr- 
strom), and from the sea-urchin (arbaein, Mathews).^ 

Sulphur has been found in those histones in which it has been tested for. 
They give the biuret test, but as a rule only a faint i\JiLLON's reaction. The 
goose-blood histone first studied by Kossel gives the three following reac- 
tions: The neutral salt-free solution first, does not coagulate on boiling; 
second, gives a precipitate with ammonia which is insoluljle in an excess 
of the precipitant; third, gives a precipitate with nitric acid ivliich disap- 
pears on heating and reappears on cooling. 

The different histones behave differently in these three reactions, 
and hence they are not specific. On the other hand, all histones seem to 
be precipitated from neutral solution by alkaloid reagents, and they also 
produce precipitates in protein solutions. These tw^o reactions are likewise 
not specific for the histones, as the protamines have a similar behavior. The 
histones differ from the protamines by having a much lower content of basic 
nitrogen, and also probably by always containing sulphur. True proteins, 
as OsBOENE^s^ edestan, also give these tw^o reactions; therefore it is im- 
possible by qualitative tests alone to identify a substance as a histone 
with positiveness. The large content of basic nitrogen and of arginine is 
not a sure point of difference betw^een histones and other bodies. Histone 
yields little more than 40 per cent basic nitrogen, ivhile. a heteroproteose 
yields about the same, namely, 39 per cent. Histone yields 14-15.5 per 
cent arginine (gadushistone), and the lotahistone only 12 per cent. The 
plant-globulin edestinA yields a much larger amount of arginine, namely, 
14.07 per cent. On hydrolytic cleavage the histones, like other proteins, 
but unlike the protamines, yield a large number of monamino-acids. 
Abderhalden and Rona^ obtained from thimuis histone the following: 
leucine 11.8, alaidne 3.46, glycocoll 0.50, a-proline 1.46, phenylalanine 2.20, 
tyrosine 5.20, and glutamic acid 0.53 per cent. According to Kossel the Ins- 
tones are probably intermediate bodies between the protamines and |)ro- 
tein bodies on the demolition of the latter,, and if this is true, then it is not 


^ Kossel, 2ic.itschr. f. physiol. Chem.,, 8, and, Sitaiungsber. der Gesellsch. ziir Beford. 
d. ges, Natnrwiss. zu Marburg, 1897; Kossel and Kutseher, ihid,j 1900, and &itschr. 
f. physiol. Chem., 31; Lawrow, and Ber. d. d. chem. Gesellsch., 34; .Liiienfeld, 

Zeitschr. f. physiol. Chem., IS; Schulz, 24; Bang, 27; Ehrstrom, 
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tO;be expected; that liistones should 'have' perfectly specific reactioriS, and 
for this reason it is hardly possible for the present to give a precise defi- 
nition for .the histones. 

^ The paraMstone found by Fleroff in the thymus gland yields so little basic 
nitrogen that it probably does not belong to the histone group (Kossel and 
Kutscher G- 

Protamines. In close relationship to the proteins stands a group oi 
substances, the protamines, discovered by Miescher, which are desig- 
nated by Kossel as the simplest proteins or as the nucdeus of the pro- 
tein bodies. Thus far they have been found only in combination with 
nucleic acids in fish spermatozoa. They differ essentially from the proteins 
by the fact that they yield chiefly diamino-acids (always abundant ai’ginine) 
as cleavage products, and only a small amount of monamino-acids. They 
are strongly basic substances rich in nitrogen (about 30 per cent or more) 
and have high molecular weight. 

Protamine was discovered by Miescher ^ in salmon spermatozoa. Later 
Kossel isolated and studied similar bases from the spermatozoa of herring, 
sturgeon, mackerel, and other fishes. As all these bases are not identical, 
Kossel uses the name protamines to designate the group and calls the 
individual protamines according to their origin salmine, dupeine, scoinhrim, 
stuTine,cyprinine,cydoptenne,Qtt. 

The percentage composition of these bodies has not been satisfactorily 
determined. As probable formulse we have for salmine C32II56K18O4 
(Miescher-Schmiedeberg) or C30H57N17O6 (Kossel and Goto), for chi- 
peine C30H62N14O9, and for sturine C36H69N19O7 (Kossel) or C34H71N17O9 
(Goto). On boiling wdtli dilute mineral acids, as also by tryptic digestion, 
the protamines first yield peptone-like substances called protones, from 
which simpler products are derived on further cleavage. All protamines 
yield arginine, the four protamines salmine, elupeine, cyelopterine, and 
sturine yielding 87.4, 82.2, 62.5, and 58.2 per cent respectively. Sturine 
yields besides this the tw'O hexone bases lysine, 12 per cent, and histidine, 
12.9 per cent. Histidine has not been found in any other protamine. The 
carp protamine, cyprinine, occurs in twm different modifications, namely, 
a- and /3-cyprinine. The a-cyprinine yields only little arginine, 4.9 per 


^ Fleroff, Zeitschr. f. physiol. Chem,, 28; Kossel and Kutscher, I. c. 

^In regard to protamines, see Miescher, Histochemische und Physiologisclie Ar- 
beiten, Leipzig, 1897; Piccard, Ber. d. deutsch. chem. Gcsellsch., 7; Schmiedeberg, 
Arch. f. exp. Path. u. Pharm., 37; Kossel, Zeitschr. f. physiol. Chem., 22 (Ueber die 
basischen Stoffe des Zellkerns), 25, 165 and 190, 26, 40, and 44, and Sitzimgsber. der 
Geseiisch. zur Beford. der ges. Naturwiss, zu Marburg, 1897; Berl. klin. Wochensehr., 
1904; Kossel and Mathews, Zeitschr, f, physiol. Chem., 23 and 25; Kossel and Kutscher, 
ibid., 31; ^oto, ibid,, 37;. Kurajeff, ibid,, $2i Morkowin, ibid.y2S; Kossel and Dakin, 
40, 41, and 44. ' ■ 
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cent, but the lysine content is pronounced^ 28.8 per cent. Of the total 
nitrogen 30.3 per cent exists as lysine. Kossel and Dakin have obtained 
from salmine the following cleavage products, namely, arginine 87 . 4 , 
serine 7.8, aminovalerianic acid 4.3, and n-pyrrolidine-carboxylic acid 
11 per cent, and according to them the salmine contains about 10 mol 
arginine, 2 mol. serine, 1 mol. aminovalerianic acid, and 2 mol. a-proliiie. 
Scombrine contains only arginine, alanine, and a-proline. The following 
summary according to Kossel ^ gives a view of the cleavage products of 
the protamines thus far investigated. 
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Solutions of these bases in water are alkaline and have the property 
of giving precipitates W'ith ammoniacal solutions of proteins or primary pro- 
teoses. These precipitates are considered as histones by Kossel. The salts 
with mineral acids are soluble in water, but insoluble in alcohol and 
ether. They are more or less readily precipitated by neutral salts (NaCl). 
Among the salts of the protamines, the sulphate, picrate, and the doulile- 
platiniim chloride are the most important and are used in the preparation 
of the protamines. The protamines are, like the proteins, levogyrate. They 
give the biuret test beautifully, but with the exception of cyclopterine and 
/?-cyprinine do not give Millon^s reaction. The protamine salts are pre- 
cipitated in neutral or even faintly alkaline solutions by jihosphotiingstic 
acid, picric acid, chromic acid, and alkali ferrocyanides. 

The protamines are prepared, according to Kossel, by extracting the 
heads of the spermatozoa, which have previously been extracted with 
alcohol and ether, with dilute sulphuric acid (1"2 per cent), filtering, and 
precipitating with 4 vols. of alcohol. The, sulphate may be purified by 
repeated solution in water and precipitation with alcohol, and if necessary, 
conversion into the picrate. For more details see the works of KovSSEl. 
The double-platinum salt is, best suited for analysis and can be obtained, 
according to Goto, by precipitating the methyl-alcohol solution of the 
protamine hydrochloride with platinum , chloride. Miescheii also precipi- 
tates the base as a double-platinum salt. , 

4 Zeltschr* f, physiol Ohem., 44. 
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11. Compound Proteids. 

With this name we designate a class of bodies which are more complex 
than the proteids, and which yield as primary splitting products proteids 
on the one side and non-proteid bodies, such as pigments, carbohydrates, 
nucleic acids, etc., on the other.^ 

The compound proteids known at the present time are divided into 
three chief groups. These are the limmoglohins, the glucoproteidSy and the 
7iucleoprot€idfi. The hsemoglobins will be discussed in a following chapter 
(Chapter Yl, on the blood) . 

Glucoproteids are those compound proteids which on decomposition 
yield a proteid on the one side, and a carbohydrate or derivatives of the 
same on the other, but no purine bodies. Some glucoproteids are free from 
phosphorus (mucin substances, chondroproteids, and hyalogens), and 
some contain phosphorus (phosphoglucoproteids). 

The glucoproteids free from phosphorus may, as regards the nature of 
the carbohydrate groups split off, be divided into two chief groups, the 
inucin substances and the chondroproteids. The first yield on hydrolytic 
cleavage an amino-sugar, which has been shown to be glucosamine in all 
cases except one.^ In the chondroproteids, on the contrary", the proteid 
is united to chondroitin-sulphuric acid. 

Mucin Substances. These bodies contain carbon, hydrogen, nitrogen, 
sulphur, and oxygen. Compared with proteids they are poorer in nitrogen 
and as a rule have also considerably less carbon. The carbohydrate complex, 
whose nature has been shown by the investigations of Fr. Muller^ and 
his pupils, occurs, as it seems, in the mucin substances as a polysaccharide 
related to chitosan, which on hydrolytic cleavage yields glucosamine 
(chitosamine), and, at least in most cases, also acetic acid. The mucin 
substances differ very markedly among one another, hence we divide them 
into two groups, the mucins and the mucoids. 

The true mucins are characterized by the fact that their natural solu- 
tions, or solutions prepared by the aid of a trace of alkali, are mucilaginous, 
ropy, and give a precipitate with acetic acid which is insoluble in excess of 
acid or soluble only with great difficulty. The mucoids do not show these 


^ Hoppe-Seyler has given the name proteUe to these compound proteids, but as 
this term is misleading in English we do not use it in English classifications in this 

2 See Schulz and Ditthorn, Zeitschr. f. physiol. Chem., 29. When both carbo- 
hydrate groups are simultaneously combined with one body, then probably we are not 
dealing with a chemical individual, but rather with a mixture, 

3 gee Fr. Muller, Zeitschr. f. Biologie, 42, which contains ail the pertinent litera- 
ture, and also L. Langstein, Die Biidung von Kohlenbydraten aus Eiweiss, Ergelansse 
..'der' 
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physical properties and have other solubilities and precipitation properties. 
As we have intermediate steps between different protein bodies, so also 
we have such between true mucins and mucoids^ and a sharp line cannot 
be drawn between these t^vo groups. 

It is just as difficult at present to draw a sharp line between the pro- 
teids and the mucins or mucoids, since we have been able to split off carbo- 
hydrate complexes from several proteids, and the proteids of the white 
of egg are undoubtedly gliicoproteids- It is immaterial whether we con- 
sider these giucoproteids as belonging to the mucoids or to a s])ecial group. 
From a comparative chemical standpoint, they undoubtedly ]:)elong to the 
mucoid group, representatives of which occur in eggs to a considerable 
extent. 

True mucins are secreted by the larger mucous glands, by certain mucous 


membranes, and by the skin of snails and other animals. True mucin also 
occurs in the naveFcorcL Sometimes, as in snails and in the membrane 
of the frog-egg (Giacosa ^), a mother-substance of mucin, a imieinogen, 
has been found which may be converted into mucin by alkalies. Mucoid 
substances are found in certain cysts, in the cornea, the crystalline lens, 
white of egg, and in certain ascitic fluids. The so-called tendon-mucin, 
which, according to the recent investigations of Levene and of Cutter, and 
GrES,2 contains chondroitin-sulphuric acid or a related substance, cannot 
be classified as a mucin, but must, like the chondromucoid and the osseo- 
mucoid, be classified as chondroproteid. As the mucin question has not 
been sufficiently studied, it is at the present time impossible to give any 
positive statements in regard to the occurrence of mucins and mucoids, 
especially as without doubt in many cases non-mucinous substances have 
been described as mucins, 

I* True Mucins. Thus far we have been able to obtain only a few 
mucins in a pure and unchanged condition, because of the reagents used. 
The elementary analyses of these mucins have given the following results: 


Mucin from mucous membrane (air- 

passages) 48.26 

Mucin from submaxillary 48.84 

Mucin from snail 60.32 

Synovial mucin 61.05 


12.32 0,84 
13.65 1.75 


(Fr. MtmLBE) 
(Hammarstkx^) 
(Hammarsten'O 
(v. Holst '*) 


Muller obtained 35 per cent glucosamine from mucous-membrane 
mucin and 23.5 per cent from the submaxillary mucin. 


i Giacosa, Zeitschr f. physiol. Chern,, 7; . Hammarsten, PfiugeFs Archiv, 36, and 
/,'■ > Skand. Arch. f. Physiol, 17. 

* Levene, Zeitschr. f. physiol. Chem., SI ; Cutter and Gies, Amer, Journ. of Physiol , ik 
/, Miiiier, Zeitschr. f. Biologie, -42; 'Hammarsten, Zeitschr. f. physiol Chem., 12^ 
'■ and PfIugeFs Arch*, SO. . 

' Zeitschr. f. physiol Ctiem.,''4S. ‘ ‘ '-“"/.'/s' ' . . • 
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By the action of superheated steam on mucin a carbohydrate^ animal 
gum (Laxdwehp , is split off. This has not been substantiated by other 
investigators, such as F olix and Fr. jMuller.^ Instead of anon-nitrogenous 
gum a nitrogenous carbohydrate derivative was always obtained. 

On Ijoiling mucin with dilute mineral acids, acid albuminate and bodies 
similar to proteoses are obtained, besides a reducing substance which is 
not free glucosamine (Steudel^). By the action of strong acids upon 
mucins or mucoids Otori ^ obtained several of the cleavage products of 
the proteins, such as leucine, tyrosine, glycocoll, glutamic acid, oxalic acid, 
guanidine, arginine, lysine, and humus substances, and also carbohydrate 
cleavage products, such as levulinic acid. Certain mucins, as the submaxil- 
laiy mucin, are easily changed by very dilute alkalies, as liine-%vater, while 
others, such as tendon-mucin, are not affected. If a strong caustic-alkali 
solution, such as 5 per cent KOH solution, is allowed to act on submaxillary 
mucin, W'G obtain alkali albuminate, bodies similar to proteoses and peptones 
and one or more substances of an acid reaction and with strong reducing 
powers. 

On peptic digestion proteoses and peptone-like bodies, still containing 
the carbohydrate group, are produced. On tryptic digestion still simpler 
cleavage products are formed, namely, leucine, tyrosine, and tr^’-ptophane 
(Posner and Gies ^). The glucosamine, so far as we know, is not split off 
by proteolytic enzymes, but only after strong- hydrolysis with acids, and 
this speaks against the assumption that the glucosamine group exists 
as a glucoside-like combination in the mucin molecule (Neuberg and 
Milchner ^). 

In one or another respect the various mucins act somewhat dissimilarly. 
For example, the snail and sputum mucins are insoluble in dilute hydro- 
chloric acid of 1-2 p. m., while the mucin of the submaxillary gland and 
the navel-cord is soluble. The former become flaky with acetic acid, while 
the submaxillary mucin is precipitated in more or less fibrous, tough masses. 
Still all the mucins have certain reactions in common. 

In the dry state mucin forms a white or yellowish-gray po^vder. When 
moist it forms, on the contrary, flakes or yellowish-white tough lumps or 
masses. The mucins are acid in reaction. They give the color reactions of 
the proteins. They are not soluble in water, but may give a neutral solu- 
tion with water with the aid of small amounts of alkali. Such a solution 


^ Landwehr, Zeitschr, f. physiol Ch^m., S, 9; also PflugeFs Arch., 99 and 40; 
Folin, Zeitschr. L physiol Chem.. 29; Fr. Miiller, Sitzungsber. d. Gesellsch. aur Beford. 
d. gesammt. Naturwiss. zu Marburg, 1896. 

* Zeitschr. f. physiol. Chem.» 94. 

y 3 ^ Berl,:; , Wocbenschr^;:3||||M|||||ii|3^ 
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does not coagulate on boiling, but. acetic acid gives at the normal tempera- 
ture a precipitate which is nearly insoluble in an excess of the precipitant. 
If 5-10 per cent NaCl be added to a mucin solution, this can now be care- 
fully acidified with acetic acid without giving a precipitate. Such acidified 
solutions are copiously precipitated by tannic acid; with potassium ferro- 
cyanide they give no precipitate, but on sufficient concentration they 
become thick or viscous. A neutral solution of alkali mucin is precipitated 
by alcohol in the presence of neutral salts; it is also precipitated by several 
metallic salts. If mucin is heated on the water-bath with dilute hydro- 
chloric, acid of about 2 per cent, the liquid gradually becomes a yellowish 
or dark brown and reduces copper salts in alkaline solutions. 

The mucin most readily obtained in large quantities is the sub maxillary 
mucin, which may be prepared in the following way: The filtered watery 
extract of the gland, free from form-elements and as colorless as possible, 
is treated with 25 per cent hydrochloric acid, so that the liquid contains 
1,5 p. m, HCL On the addition of the acid the mucin is immediately pre- 
cipitated, but dissolves on stirring. If this acid liquid is immediately 
diluted with 2-3 vols. of water, the mucin separates and may be purified 
by redissolving in 1-5 p. m. acid, and diluting with water and washing 
therewith. The mucin of the navel-cord may be prepared in the same way. 
As a rule the mucins can be prepared by precipitation with acetic acid and 
repeated solution in dilute lime-water or alkali and reprecipitation with 
acetic acid. Finally they, are treated wdth alcohol and ether. In the 
preparation of sputum mucin a very complicated method is necessary (Fe. 
Mulleb). 

The precipitation by acetic acid, as shown by Hammaksten,^ is not applicable 
in the preparation of submaxillary mucin, because another proteid substance is 
precipitated with the mucin, but remains in solution on using the hydrochloric- 
acid method above described. Posneb and Gies ^ have by special experiments 
shown the power of mucins of precipitating proteids, and this makes the ordi- 
nary method of precipitating with acetic acid questionable. 

2 . Mucoids or Mucinoids. In this group we must include those non- 
phosphorized glucoproteids which are neither true mucins nor chondro- 
proteids, even though they show amongst themselves such differences in 
behavior that they. can be divided into sei^eral subgroups of mucoids. 
To the mucoids belong psevdomwinj the probably related body colloid, 
ovomucoid, and other bodies, which on account of their differences will be 
best treated individually in their respective chapters. 

Hyalogens. Under this name Keukenberg® has designated a number of 
differing bodies, which are characterized by the following: By the action of 
alkalies they change, with the splitting off of sulphur and some nitrogen, into 
soluble nitrogenized products called by him hyalines and which yield a pure car- 


^ Zeitschr. f. physiol. Cfaem., 12. 

. *Amer. Journ. of Physiol., ,11. ; - 

® Verh. d. physik.-med, also Zeitschr, i Biologic, 22. 
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bohydrate by furtlier decomposition. We find that very heterogeneous substances 
are included in this group. Certain of these hyalogens seem undoubtedly to 
be glucoproteids. of the Chinese edible swallow Vnest, memhranin^ 
of Descemet's membrane and of the capsule of the crystalline lens, and spiro- 
graphin ^ of the skeletal tissue of the worm Spirographis seem to act as such. 
Others on the contrary, such as hyalin^ of the walls of hydatid cysts, and onu- 
fhin ^ from the tubes of Onuphis tubicola, do not seem to be compound proteids. 
The so-called mucin of the holoihures ® and chondrosin ^ of the sponge, Chondrosia 
reniformis, and others may also be classed with the hyalogens. As the various 
bodies designated by Krukenberg as hyalogens are*' very dissimilar, it is not 
of much advantage to arrange these in special groups. 


3 . Chondroproteids are those glucoproteids which as primary cleavage 
products yield proteid and an ethereal sulphuric acid containing a Garho- 
hydrate j chondroitin-sulphuric acid. Chondromucoidy occurring in cartilage, 
is the best example of this gronp. Amyloid occurring under pathological 
conditions also belongs to this group. On account of the property of chon- 
droitin-sulphuric acid of precipitating proteid, it is also possible that under 
certain circumstances combinations of this acid with proteid may be pre- 
cipitated from the urine and be considered as chondroproteids. 

The chondromucoid, the so-called tendon-mucin, and the osseomucoid 
have greatest interest as constituents of cartilage, of the connective tissues, 
and of the bones, and on this account these bodies and their cleavage prod- 
uct, chondroitin-sulphuric acid, will be treated in a following chapter (X). 
On the contrary, amyloid, which has always been considered in connection 
with the protein substances, will be described here. 

Amyloid, so called by Virchow, is a protein substance appearing under 
pathological conditions in the internal organs, such as the spleen, liver, and 
kidneys, as infiltrations; and in serous membranes as granules with con- 
centric layers. It probably also occurs as a constituent of certain prostate 
calculi. The chondroproteid occurring under physiological conditions in 
the walls of the arteries is perhaps, according to Krawko\v, very nearly 
related to the amyloid substance, but not identical vith it, as shown by 

The amyloid prepared by Krawkow and Neuberg had about the same 
composition: C 49.0-50.1; H 7-7.2; N 14-14.1, and S 1.S-2.S per cent. 
The aorta amyloid of man and of the horse contained respectively C 49.6 


^ Krukenberg, Zeitschr. f. Biologie, 22. 

^ G. Th. Morner, Zeitschr. f. physiol. Cheru., 18. 

® Krukenberg, Wurzburg, VerhandL 1883; also Zeitschr. f. Biologie, 22. 

^A. Lucke, Virchow's Arch., 19; also Krukenberg, Vergleichende physiol. Stud., 
Series 1 and 2 , 1881. , \ 

^ Schniiedeberg, Mitth. aus d. zool. Stat. zu Neapel, .3, 1882. 

®Hnger, Pfiuger's Archiv, 3. ' . A ' 

^Krukenberg, Zeitschr. f. Biologie, , 22. . . , - 

® Krawkow, Arch. f. exp,, Path. u. Pharm.^ 40, which contains the literature; Neu- 
berg, VerhandL d. d. PathoL Gesellsch* .1904. , , , , 
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and 50.5- H 7.2; N 14.4 and 13.8; S 2.3 and 2.5 per cent. According to 
Neuberg, aorta amyloid differs from spleen and li\'er amyloid by a different 
division of the nitrogen, which is evident from the following: 


Liver amyloid. 
Spleen amyloid 
Aorta aiii^doid . 


Monamino-N Diamino-N Aniide-N 

43.2 ol.2 4.0 

30.6 57. U 11 .2 

54.9 36.0 8.8 


From liver amyloid Neuberg obtained glycocoll 0.8; leucine 22.2; glu- 
tamic acid 3.8; tyrosine 4.0; a-proline 3.1; arginine 13.0, and lysine 
11.6 per cent. 

By the action of alkali, amyloid splits into |)rotein and chondroitin- 
sulphuric acid (see Chapter X), and according to KrawivOW it is there- 
fore a firm, perhaps ester-like combination of this acid with protein. 
The protein, from the investigations of Neuberg, is of a basic nature and 
most comparable to the histones. According to Neuberg, amyloid is a 
transformation product of the proteins, just as arc the protamines, and the 
differences between liver, spleen, and aorta amyloid indicate various phases 
of this transformation. 

Amyloid is an amorphous white substance, insoluble in water, alcohol, 
ether, dilute hydrochloric and acetic acids. It is soluble in concentrated 
hydrochloric acid or caustic alkali with decomposition. On boiling with 
dilute hydrochloric acid it yields sulphuric acid and a reducing substance. 
It is not dissolved by gastric juice, according to Keawko\v and in agree- 
ment with most of the older statements. It is nevertheless changed so 
that it is soluble in dilute ammonia, -while the typical amyloid is insoluble 
therein. . Neuberg finds on the contrary that amyloid (from liver) is 
digested by pepsin as well as by trypsin, although more slowly than fibrin, 
and that it is also destroyed in autolysis, so that in life an absorption 
is possible. Amyloid gives the xanthoproteic reaction and the reactions 
of M1LI.0N and Abamkiewucz.. Its most important property is its behavior 
with certain coloring matters. It is colored reddish brown or a dingy 
violet by iodine; a violet or blue by iodine and sulphuric acid; red Irv 
methylaniline iodide, especially on the addition of acetic add; and red 
also by aniline green. Of these color reactions those -with aniline dyes 
are the most important. The iodine reaction appears less constant and 
is greatly dependent upon the physical condition of the amyloid. The 
color reactions are due to the presence of the chondroitin-sulphuric acid 

. The preparation of amyloid may be performed as follows according 
to MoDRZEJEWSTcr and Krawkow.^ The fiLnelv divided organ is exhausted 
first with water and then with dilute ammonia, which leaves the in>soluble 

; - ModmjWskk Arch.-heKp. Path- u.. Fharm., Krawkow, t 0, 
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amyloid and removes the free or the combined chondroitin-siilpliiiric at?id, 
besides other substances. The product^ after being washed with water^ is 
digested mith pepsin for several days at 38° C. The residue, after washing 
with hydrochloric acid and water, is dissolved in dilute ammonia, filtered, 
again precipitated with dilute hydrochloric acid, dissolved^ if necessary, 
in ammonia, precipitated a second time with hydrochloric acid, washed 
with water, the precipitate dissolved in bar^Ta-water, which leaves the 
nucleins iindissolved, and the barium filtrate precipitated with hydrochloric 
acid, and then washed with w^ater, alcohol, and ether. 


Phosphoglucoproteids. This group includes the phosphorized gliicoproteids. 
They yield no xanthihe substances (nuclein bases) as cleavage products. They 
are not nucleoproteids and therefore they must not be considered together 
with the gluconucieoproteids (nucieoglucoproteids^ or inistakeii for them. On 
pepsin digestion they may, like certain nucleoalbumins, ykid pseudonudein, 
but they differ from the nucleoalbumins in that they yield a reducing substance 
on boiling with dilute acid. They differ from the gluconucieoproteids in that 
they do not, as above mentioned, yield any xanthine bodies. 


Only t'wo phosphorized glucoproteids are known at the present time, namely, 
ichthulin, occurring in carp eggs and studied by Walter ^ and wiiicii W'as con- 
sidered as a viteliin for a time, Ichthulin has the following composition : C 53.52 ; 
H 7.71 ; N 15.64; S 0.41 ; P 0.43; Fe 0.10 per cent. In regard to solubilities it 
is similar to a globulin. Walter has prepared a reducing substance from the 
paranuclein of ichthulin which gave a highly crj^staiiine compound with phenyl- 
hydrazine. 

Another phosphoglucoproteid is helicdprotcid, obtained by Hammarsten ^ 
from the glands of the snail Helix pomatia. It has the following composition: 
C 46.99 ; H 6.78 ; N 6.08 ; S 0.62 ; P 0.47 per cent. It is converted into a gummy, 
levorotatory carbohydrate, called animal sinistrinj by the action of alkalies. 
Oil boiling with an acid it yields a dextrorotatory reducing substance. 

The compound proteid found by Schulz and Ditthorn ^ in the spawn 
of the frog probably belongs to this group, but instead of glucosamine it 
gives galactosamine on cleavage. 

Nucleoproteids. With this name w^e designate those compound pro- 
teids which yield true nucleins (see Chapter V) on pepsin digestion, and 
on cleavage with dilute caustic alkali yield proteid and nucleic acid. 

The nucleoproteids seem to be widely diffused in the animal body. They 
occur chiefly in the cell-nuclei, but they also often occur in the proto- 
plasm, They may pass into the animal fluids on the destruction of the 
cells, hence nucleoproteids have also been found in blood-serum and. other 
fluids. 

They may be considered as combinations of a proteid nucleus with a 
side chain, w^hich Kossel calls the prostheouc group. This side chain, 
wduch contains the phosphorus, may be split off as nucleic acid (see Chapter 
V) on treatment with alkali. As we have several nucleic acids, it follo-ws 
that we must have different nucleoproteids, depending upon the nucleic acid 


^ Zeitschr, f. physiol, Chem., 15. 

2 Haramarsten, PffugeF s Arch., 

? Zeitschr. f, physiol. CEem., 21- 
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united with the proteid. Certain nucleic acids contain a readily split-off 
sugar (pentose or hexose); others, on the contrary, do not. In the first 
case we obtain from the corresponding nucleoproteid a reducing sugar 
on boiling with dilute mineral acid, while in the other case this is not pos- 
sible. Corresponding to this different behavior we may divide off a special 
group of nucleoproteids, the gluconucleoproteids or nucleoglucoproteids. 
Such gluconucleoproteids, yielding pentoses, occur in yeast-cells, and, as it 
appears, are widely distributed in the animal organism (Blumenthal, 
Gkund ^). 

The native nucleoproteids contain a variable but not. a high percen- 
tage of phosphorus, which Halliburton ^ found to vary between 0.5 per 
cent and 1.6 per cent. On heating their solutions, as well as by the action 
of dilute acids, a modification of the compound proteid takes place, and 
nucleoproteids of strong acid character, poorer in proteid but richer in 
phosphorus, are formed. The native nucleoproteids have faint acid proper- 
ties and are insoluble in water, but their alkali compounds, which are 
soluble in water, split on heating their solutions into coagulated proteid and 
a nucleoproteid rich in phosphorus, which remains in solution. In peptic 
digestion they yield so-called true nuclein, which is also a nucleoproteid 
poor in proteid. The proteid can be precipitated by acetic acid froifi its 
alkali compound, and the precipitate dissolves with more or less readiness 
in an excess of the acid. A confusion may occur here with nucleoalbumins 
and also with mucin substances. This confusion may be avoided by 
warming the body for some time on the water-bath with dilute sulphuric 
acid, nearly neutralizing the boiling-hot fluid with barium hydrate, filtering 
as quickly as possible while boiling hot, and testing the filtrate for purine 
bodies with copper sulphate and bisulphite according to the method given 
on page 163. Any precipitate formed is examined more closely by the 
method there given. The nucleoproteids give the color reactions of the 
proteins, but those which have been investigated are dextrorotator}' and 
not levorotatory (Gamgee and Jones ^). 

The properties of the various nucleoproteids are given in detail in the 
various chapters which follow. 

IIL Albuminoids or Proteinoids. 

Under this name we collect into a special group all those protein bodies 
which cannot be placed in either of the other two groups, although they 
differ essentially among themselves, and from a chemical standpoint do 

^Blumenthal, Berlin, klin. Wochenschr,, 1897, and Zeitschr. f. Min, Med., 34; 
Grund, Zeitschr. f. physiol. Chem., 35. See also Bendix and Ebstein, Zeitschr. 1 
allgem, Phys., 2; Levene and Mandel, Zeitschr. I physiol. Chem., 47. 
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not show any radical difference from the true protein bodies. The most 
important and abundant of the bodies belonging to this group are important 
constituents of the animal skeleton or the cutaneous structure. They occur 
as a rule in an insoluble state in the organism, and they are distinguished 
in most cases by a pronounced resistance to reagents which dissolve proteins 
or to chemical reagents in general. 

The Keratin Group. Keratin is the chief constituent of the homy 
structure, of the epidermis, of hair, wool, of the nails, hoofs, horns, feathers, 
of tortoise-shell, etc., etc. Keratin is also found as neurokeratiii (Kuhne) 
in the brain and nerves. The shell-membrane of the hen/s egg seems 
also to consist of keratin, and according to Neumeister ^ the organic 
matrix of the egg-shells of various vertebrate animals belongs in most 
cases to the keratin group. 

It seems that there exist a number of keratins, and these form a special 
group of bodies. This fact, together with the difficulty in isolating the 
keratin from the tissues in a pure condition vathout a partial decomposi- 
tion, is sufficient explanation for the variation in the elemental}^ composi- 
tion given below. As examples the analyses of a few tissues rich in keratin 
and of keratins are given 

c H N s o 

50.65 6.36 17.14 5.00 20.85 (w Laar) 

51.00 6.94 17.51 2.80 21.75 (xMulder) V 

56.11-58.45 7.26-8.02 11.46-14.32 1.63-2.24 (KUhne) 

50.86 6.94 ..... 3.20 ..... (Horbaczewski) 

54.89 6.56 16.77 2.22 19.56 (Mulder) 

49.78 6.94 16.43 4.25 22.90 (Ltndvall) 

Mohr ^ has determined the quantity of sulphur in various keratin sub- 
stances. Sulphur is in great part in loose combination, and it is chiefly 
removed by the action of alkalies (as sulphides), or indeed in part by boiling 
with water. Combs of lead after long usage become black, and this is due 
to the action of the sulphur of the hair. On heating keratin with water in 
sealed tubes to a temperature of 150® C. or higher, it dissolves, with the 
elimination of sulphuretted hydrogen or mercaptan (Bauer), and the 
solution contains proteose-like substances (Krukenberg) called atmidkera- 
tin and atmidkeratose by Bauer.^ Keratin is dissolved by alkalies, especially 
on warming, producing besides alkali sulphides also proteose substances. 

^ Kiihne and Ewald, Verb. d. naturhistor.-med. Vereins zu Heidelberg (N. P.), 1; . , 
also Kuhne and Chittenden, Zeitschr. f. Biologic, 26; Neumeister, ibid., 31. 

Laar, Annal. d. Chem. u. Pharm., 45; Mulder, Versiich einer allgem. physiol. ■ 
Chem., Braunschweig, 1844-51; Kiihne, Zeitschr. f. Biologic, 26; liorbaczewski, see 
Drechsel in Ladenburg^s Handworterbuch d. Chem,, 3; Lindvail, ,Ma!y's Jahres- 
bericht, 1881^-^' ; A; ' , ' ■■■ ■ ^ a’1. 

^Zeitschr. f. physiol Chem., 20, , . , ' ‘ , 

Krukenberg, XJntersuch. uber d. dhem. Ban d, Eiwcisskdrper, Sitzungsben d. 
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Besides the welHaiom cleavage products .such as leucine, tyrosincj 
aspartic acid, glutamic acid, arginine, and lysine, Fischer and iHhivisu- 
HAUs ‘ have recently found glycocoll, alanine, a-aminovalerianic' acid, 
ci:-proUne, serine,: phenylalanine, and pyrrolidone-carboxylic acid (s(R-ondary 
■from glutamic acid) among the cleavage products of horn substaiices. 
Emxierling claims to have found cystine as a sulphurized cleavage product, 
but K. Mornee^ was the first to ' positively prove the al:)imdant occur- 
rence of cystine in the cleavage products. M5r:ner o])tained from ox-lioni, 
human hair, and the shell-membrane of the hen egg 6.S, 13.02, and 7112 
])er cent cystine calculated on the basis of the dry substance. From the 
amount of sulpluir split off by alkali, he concludes that, at least in oxdioni 
and human hair, all the sulphur exists as cystine. Galimaeb'^ was able 
to get only a qualitative test for cystine in the keratin of the adder eggs. 
SuTER, Morner, .and Friedmann^ have obtained a-thiolactic acid as a 
hydrolytic cleavage product of the keratin substances. The last-men- 
tioned investigator was also able to detect thioglycolic aeid in the cleavage 
products of wool 

Bodies occur in the animal kingdom which form to a certain extent 
intermediate sulistances between coagulated protein and keratin. C. Th. 
Mornee^ has detected such a body (aft t6mofd) in the tracheal cartilage, 
which forms a net-like trabecular tissue. This substance appears to be 
related to the keratins on account of its solubilities and the quantity of 
the sulphur (lead-blackening) it contains, wEile according to its solubility 
in gastric juice it must stand close to the proteins. Another su1)Stauce, 
more similar to keratin, is the horny layer in the gizzard of birds. Ac«?ording 
to J. Hebenius^ this substance is insoluble in gastric or panereaticj jiuee 
and acts quite like keratin. It contains only 1 ]-)er cent sulphur and yields 
on decomposition only a very little tyrosine but considerable leucine. 

Keratin is amorphous or takes the form of the tissues from which it was 
prepared. On heating it decomposes and generates an odor of burnt horn. 
It is insoluble in water, alcohol, or ether. On heating with water to 150”- 
200® C. it dissolves. It also dissolves gradually in caustic alkalies. esj)e- 
viaWy on heating. It is not dissolved by artificial gastric juice or l,)y tryp- 
sin solutions. Keratin gives the xanthoproteic reaction, as wel! as the 
reaction with MileonIs reagent, although the latter Is not always lypitaiL 

Jenaiseken Gesellsch. f, Med. ii. NaturwiBsenscR, 1886; Bauer, Zeitsehr. f, physiol 
Chem., 

^ Zeitschr. f. physiol Chem., S6, which eontaim also the older lit'C rat urc. 

»M6mer, iUd,, M and 4S; Emmeriing, Eel in Chemiker Zeitung, 1894. 

^Chem. Centralbl. IL, 1905. 

^•Suter, Zeitvsehr. t physiol Chem., 20; Mdmer, Md,, 42; Friedmann, Hofmelsteris 
Beitrage, 2. _ , 

®Seo Malyhs Jahresber., 18^' . 

® Skand. Arch, f. Physiol, S#, ■ 
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In the preparation of keratin a finely divided horny structure is treated 
first with boiling water, then consecutively with diluted acid, pepsin- 
hydrochloric acid, and alkaline trypsin solution, and, lastly, with water, 
^ alcohol, and ether. 

Elastin occurs in the connective tissue of higher animals, sometimes in 
such large quantities that it forms a special tissue. It occurs most abun- 
dantly in the cervical ligament (lig amentum nuclise). 

Elastin used to be generally considered as a sulphur-free substance. 
According to the investigations of Chittenden and Hakt, it is a question 
wliether or not elastin does not contain sulphur, which is removed by the 
I action of the alkali in its preparation. El. Schwarz has been aljle to 

prepare an elastin containing sulphur from the aorta by another method, 
and this sulphur can be removed by the action of alkalies, without changing 
the properties of the elastin ; and recently Zoja, Hedin, Bergh, and Richards 
and Gies^ liave found that elastin contains sulphur. The most trust- 
worthy analyses of elastin from the cervical ligament (Nos. 1 and 2) and 
from the aorta (No. 3) have given the following results, w'hich compare 
well with each other : 

C H N S 0 

1. 54.32 0.99 16.75 .... 21.94 (Horbaczewski 2) 

2. 54.24 7.27 16.70 .... 21.79 (Chittenden and Hart) 

3. 53.96 7.03 16.67 0.38 (H. Schwarz) 

Zoja found 0.276 per cent sulphur and 16.96 per cent nitrogen in elastin, 
Hedin and Bergh found different quantities of nitrogen in aorta-el astin, 
de])ending upon whether Horbaczewski’s or Schw^arz's method was 
used in its preparation. In the first case they found 15.44 per cent nitro- 
gen and 0.55 per cent sulphur, and in the other 14.67 per cent nitrogen 
and 0.66 per cent sulphur. Richards and Gies found 0.14 per cent sulphur 
and 16.87 per cent nitrogen in elastin. Abundant leucine, but very little 
t 3 'rosine, some glycocoll, and perhaps aminovalerianic acid, but no aspartic 
acid <')!’ glutamic acid, used to be considered amongst the hydrolytic cleavage 
products of elastin. Abderhalden and Schittenhelm ^ have obtained 
glycocoll 25.75; leucine 21.38; alanine 6.58; phenylalanine 3.89; a-pro- 
line 1.74; glutamic acid 0.76, and aminovalerianic acid 1.0 per cent. The 
three hexone bases have been obtained, but only in very small amounts, 
so that the basic nitrogen represents only 3.34 per cent of the total nitro- 
gen (Rki-iakds and Gies). This fact and the very low sulphur content 
make it questionable whether the elastin is a unit body. 


' ^ Chittenden and Hart, Mtschw f. Biologic, ^5; Schwarz, &itschr, f. physioL 

Chem., 18; Zoja. ibid., 23; Bergh, ibid., 25; Hedin, ibid.; Richards and Gies, Amen 
Journ. of Physio!., 7. , ' . . ' : . , 

? Zeitschf. f. physiol Chem;, 6, . ' - ’ - : . . . . ' ' 
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On putrefaction by anaerobic micro-organisms, Zoja. found carbon 
dioxide, hydrogen,, methane, . mercaptan, butyric ■ acid, valerianic ■ acid, ^ 
ammonia, and,. possibly, also phenylpropionic acid and aromatic . oxy.acids. 
Indol and skatol have not been 'found in putrefaction/ but Schwaiiz, on 
the contrary, obtained indol, skatol, benzene, and phenols on fusing aorta- 
elastin ■ caustic potash. On heating with water in closed vessels, 
on boiling with dilute acids, or b}" the action of proteolytic enzymes, the 
elastin dissolves and splits into two chief products, called by Horbao 
ZEWSKI Jmnielastin and elastinpcptone. According to Chittenden and 
Hart, these products correspond to two proteoses designated by them 
jrrotodasiose and denteroelastose. The first is soluble in cold water and 
separates out on heating, and its solution is precipitated by mineral acids as 
well as by acetic acid and potassium ferrocyanide. The aqueous solution 
of the other does not become cloudy on heating, and is not ])recipitated b}" 
the above-mentioned reagents. According to Richards and Giks, elastoses, 
especially protoelastoses, and true peptone are formed, the latter only to a 
slight extent. 

Pure elastin when dry is a yellowish-white powder; in the moist state it 
appears like yellowish-white threads or membranevS. It is insoluble in 
water, alcohol, or ether, and shows a resistance toward the action of 
chemical reagents. It is not dissolved by strong caustic alkalies at the 
ordinary temperature and only slowly at the boiling temperature. It is 
very slowly attacked l.)y cold concentrated sulphuric acid, but it is relatively 
easily dissolved on warming with strong nitric acid. Elastins of different 
origins act differently with cold concentrated hydrochloric acid; for instance, 
elastin from the aorta dissolves readily therein, while elastin from the 
ligamentum nuchas at least from old animals, dissolves with diHiculty. 
Elastin is more readily dissolved by warm eoneeni rated hydrochloric acid. 
It responds to the xanthoproteic reaction and to that with ]\Ijllon'b reagent. 

On account of its great resistance to chemical reagents, elastin may !)e 
prepared (best from the ligamentum nucha/ in tlie following \xny: First 
boil with water, then with 1 per cent caustic potash, tlien again with water, 
and lastly with acetic acid. The residue is treated with cold 5 f)er cent 
h 3 Tlrocliioric acid for twenty-’-four hours, carefully washed with water, 
boiled again with water, and then treated with alcohol and etlier. 

In regard to the methods used by Schwarz and by Richards and Uikh, 
whieii are Bornewhat different, we refer to the original publicatkais. 

Collagen, or gelatine-forming substance, occurs very extensi^'cly in 
vertebrates. _ The flesh of cephalopods is also said to contain collagmi ^ 
Collagen is the chief constituent of ’ the fibrils of the connective tissue am! 
(as ossein} of tJie organic substances of. the bony structure* It also ocemrs 

V" ' '■ ESee Walchii, Journ. f. prakt. Chem. (N. F.), 17. 

, y ' * Hoppe-Seyler, Physiol'. Chem.* p. 97^ 
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in, the cartilaginous' tissues as' chief; constituent; but it is here mixed with 
other, substances; producing what- w'as. formerly '.called uho'ndrigen. Co.l- 
lagen. from different' tissues has not quite .the .same composition;, and prob- 
ably there are several varieties of collagen. 

By continued, boiling wdth '.water ;■ (more easily" in the presence -of -a 
..little acid) collagen is converted into 'gelatine. „ Hofmeister ^ found' that 
gelatine on being heated to 130° C. is again transformed into collagen; and 
this last may be considered as the anhydride of gelatine. Collagen and 
gelatine have about the same composition.^ 


Collagen 50.75 6.47 17.86 24.92 (Hofmeister) 

Gelatine (commercial). .. . 49.38 6.80 17.97 0.7 25.13 (Chittenden) 

Gelatine from tendons. .. . 50.11 6.56 17.81 0.26 25.26 (van Name) 

Gelatine from ligament .s. . 50.49 6.71 17.90 0.57 24.33 (Richaeds and GiEs) 

Fish glue 48.69 6.76 17.68 (Faust) 


Gelatines of different origin show a somewhat variable composition^ 
which seems to indicate the occurrence of different collagens. It is diffi- 
cult to say whether the variable content of sulphur is due to a contam- 
ination with a substance rich in sulphur or to a splitting off of loosely com- 
bined sulphur during the purification. C. Mornee ^ has prepared a typical 
gelatine containing only 0.2 per cent of sulphur by a method ^vhich elim- 
inated any possible changes due to reagents. 

Sadikoff'^ has prepared gelatines by various methods from tendons 
and from cartilage. Those from tendons, some of which were prepared 
after previous tryptic digestion, some after treatment with 0.25 per cent 
caustic potash; and some after treatment with sodium hydroxide and then 
carbonate, showed somewhat different physical properties among each 


other, but had about the same elementary composition; wuth 0.34-0.626 per 
cent sulphur. Sadikoff seems to think that the gelatines prepared up 
to this time were perhaps not unit bodies but w'ere possibly mixtures. 
Tiie bodies prepared by Sadikoff from cartilage he calls gluteins, because 
they were essentially different from the other gelatines or glutins. They 
were poorer in carbon and nitrogen, 17.7 to 17.87 per cent, but somewhat 
richer in sulphur, 0,53-0.712 per cent, than the tendon glutin. The giu- 
teins differ also from the glutins in that on boiling with a mineral acid 
the}^ have a faint reducing action, and also in that they give a color reac- 
tion with phloroglucin-hydrochloric acid. The glutins differ from the 
gliiteiiis by a different behavior with certain salts. 

^ Zeitschr. I, physiol. Chem., % ^ \ 

® Hofmeister, I. c,; Chittenden and SoHey, Joum, of Physiol., 1^; - van Name, 
Jonrn, of Exper. Med., 2; Eichards and’ Gies, Amer. Joum, of Physiol, 8; Faust,' 
Arch. f. exp. Path. u. Pharm., 41 . , , 

® Zeitschr. f,' physiol Chem., 28;'/., , ' > ' -'7’' 

; ■ Bid., 39 and 41, . _ ■' . -'G. , , ’'‘y. ^ 
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The decomposition products of the collageiis, .are ; the same as those of 
the gelatines. Besides, the, ieucii'ie, gIycocoil, aspartic acid, and ghiiamic 
acid found by the earlier investigators as hydrol3dic cleavage pnK.Iiicts, 
E. Fischer and collaborators ^ have obtained alanine, phcn}ialanine, :u;d 
a-proline. Gelatine does not give any tyrosine, but does ^deld {'onsidorahle 
giycocoii (16.5 per cent according to E. Fischer), which because o\ its 
sweetish taste has received the name gelatine-sugar. Skkaup “ has oldained 
on the hydrolytic cleavage of gelatine a crystailiiie acid liaving thc^ for- 
mula Gi2H25N50io, which he calls gluimic acid. Gelatine xields ciViisliku- 
able basic nitrogen, according to Hausmann/^ 35.83 per cent of the t^Ual ro- 
geii. Drechsel and Fischer found lysine; Hedin, Kosskl and Ku rsiniin^ 
found also arginine, which amounted to 9.3 per cent (Kossel and Kui’scu hr t . 
On putreraci ion gelatine gives neither tyrosine, indol, nor skatol. According 
to Seltrexny'^ it yields phenylpropionic acid and phenyhu'cdic acid. 
The aromatic group in gelatine is therefore, as directly shown ])y Fischer 
(see above) and also Spiro,® represented by phenylalanine. 

On the oxidation of gelatine with potassium i^ermanganatc, Setcmaxx 
obtained, besides volatile fatty acids (formic, acetic, butyric acids), benzoic 
acid, oxalic acid, succinic acid, oxaliiramide and probably also oxaluric 
acid. ZrcKORAP ^ produced guanidine from the arginine. 

Collagen is insoluble in water, salt solutions, and dilute acids and alka- 
lies, but' it swells up in dilute acids. By continued boiling with 'watcu' it is 
converted into gelatine. It is dissolved by the gastric juice and als{) by i!ic 
pancreatic juice (trypsin solution) when it has previoiisl}' been t related with 
acid or heated with water above 70® C.^ By the action of ferrous sul- 
phate, corrosive sublimate, or tannic acid, collagen shrinks greatly*. Col- 
lagen treated by these liodies does not putrefy, and tannic acitl is there- 
fore of great importance in the preparation of leather. 

Gelatine or glutin is colorless, amorphous, and transparent in thin layers. 
It swells in cold waiter without dissolving. It dissolves in warm water, 
forming a sticky liquid, wdiich solidifies on cooling wdien suflicienllv co!!- 
centrated. As Pauli and Roxa ® have shown, various bodies inuy have 
a different influence upon the gelatinization-point of a gelatine solution; 


^ Idseher, L(?vene and Adors, !55eitsclir. f. physiol. Chem., 35. In rognrd to thr 
older researches, see O, Cohnlieim, Chemie der Ehveisskorper, 2. Aufl., lOUI. 

2 Mouatshefte f. Chem ,, 2Vk 
®Zeitsehr. f. physiol. Chem., 27, 

'* Draclisel, Arch. f. Anat. ii. Physiol, 1891; Hedin, Zeitsclir. f, physiol. Chem., 21; 
Kossel and Kutseher, ilnVi., 31* . ^ 

^ Monatshefte f. Chem., 10, . . , , k , 

HofmeisteFs Beit rage, 1 . . , . , ' 

. ESeemauB, Zcitschr. f, physid..Chem., 44; Ziefegraf, ihM., 41, 

, ' sKuhne and Ewald, YeriC d. 'Haturhist "Med. Tereihs m Heidell>cig, 1877, 1 
® Ho^meist^?r^s Beitrilge. 2; ^ ^ . 
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thus certain, substances: such as sulphates,, citrates, acetates, and glycerine 
may accelerate, while the chlorides, chlorates, bromides, alcohol, and urea 
retard,' this power.' 

Gelatine solutions are not precipitated on boiling, nor by mineral acids, 
acetic acid, alum, basic lead acetate, nor metallic salts in general. A gela- 
tine solution acidified with acetic acid may be precipitated by potassium 
farrocyanide on carefully adding the reagent. Gelatine solutions are precipi- 
tated by tannic acid in the presence of salt; by acetic acid and common 
salt in substance; mercuric chloride in the presence of HCl and NaCl; 
metaphosplioric acid and phosphomolybdic acid in the presence of acid; and 
lastly also by alcohol, especially when neutral salts are present. Gelatine 
solutions do not diffuse. Gelatine gives the biuret reaction, but not Adam- 
KiEWicz^s. It gives ]\IiLLON^s reaction and the xanthoproteic reaction 
so faintly that they probably occur from impurities consisting of pro- 
teids. According to C. IMorner, pure gelatine gives a beautiful Millon’s 
reaction, if not too much reagent is added. In the other case no reaction 
or onl}^ a faint one is obtained. 

By continued boiling with water gelatine is converted into a non-gelat- 
inizing modification called ^5-glutin by Nasse. According to Nasse and 
Kruger the specific rotatory power is hereby reduced from —167.5*^ to 
about — 136®.^ On prolonged boiling with water, especially in the presence 
of dilute acids, also in the gastric or tryptic digestion, the gelatine is trans- 


formed into gelatine proteoses, so-called gelaioses and gelatine jye^JioneSj 
wdiich diffuse more or less readily. 

According to Hofmeister two new substances, semighdin and herni- 
collin, are formed. The former is insoluble in alcohol of 70-80 per cent 
and is precipitated by platinum chloride. The latter, which is not pre- 
cipitated by platinum chloride, is soluble in alcohol. Chittenden and 
SoLLJCY^ have obtained in the peptic and tryptic digestion a froto- and 
a deutevogelalose^ besides a true peptone. The elementar}^^ composition of 
these gelatoses does not essentially differ from that of the gelatine. 

According to Levene the proto- as well as the deuterogelatoses yield 
a larger amount of glycocoll, as much as 20.3 per cent, than the gelatine 
itself. On prolonged tryptic digestion a further demolition takes place, so 
that the peptone yields only about the same amount of glycocoll as the 
gelatine. Some leucine and, as it appears, also some glutamic acid and 
phenylalanine are split off. Quite a considerable splitting off of NH^ also 
takes place (Levene and Stookey).® Paal ^has prepared gelatine-peptone 


^ Nasse and Kruger, ]\Iaiy's Jahresber. , 19, p. 29. In regard to the rotation of 
see Framm, Ffiugeris Arch., 68.- ; 

Hofmeister, I. c.; Chittenden and' Solky,. 

® Levene, Zeitsehr. f. physiol, -Chem., Levene and Stookey, 41* - , 

Ber. d. deutsch* cheth. Gesellsch.', 2^. ' ■ , „■ /_ - , / ; 
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}i,YdrocMoiidesHrom gelatine, by the action of dilute iiydrofiil'Drie acid. 
These salts are partly soluble in ethyl and methyl alcohol, and part!}^ insolu- 
ble therein^ The .peptones obtained from. these salts contain less car!,)on and 
more .hydrogen 'than the gelatine from' which. they originated, showing that 
hydration has taken place. The molecular weight .of the gelatine peptone as 
: determined by Paal,. by '.P^aoult^s cryoscopic method, was 200 to 352, while 
that, for gelatine was 878 to 960. " The gelatine peptones isol.ated by Sir:G- 
FRiED aiid.his pupils Sch.eeem:esser ^ and KRtjGE.B, and which have already 
been mentioned, are of the greatest interest.' 

Gollagen (contaminated with mucoid) may be obtained from bones by 
extracting them with hydrochloric acid (which dissolves the earthy phos- 
phates) and then carefully washing the acid out with water. It !nay !>e 
obtained from tendons by extracting with lime-water or dilute tiikali 
(which dissolve the proteids and mucin) and then thoroughly washing with 
wuiter. Gelatine is obtained by boiling collagen with water. The finest 
commercial gelatine always contains a little proteid, which may be reriKn’^ed 
by allowing the finely divided gelatine to swell up in w^ater and thoroughly 
extracting with large quantities of fresh water. Then dissolve in warm 
water and precipitate with alcohol. 

Collagen may also be purified from proteids, as suggested by van Name, 
by digesting with an alkaline trypsin solution or by extracting the gelatine 
for many days with 1-5 p. m. caustic potash, as suggested by G. Mohxer. 
The typical properties of gelatine are not changed by this. 

Chondrin or cartilage gelatine is. only a mixture of gelatine with the specific 
constituents of the cartilage and their transformation products. 

Retictilin. The reticular tissues of the lymphatic glands contain a 
variety of fibres which have also been found by Mall in the s|)Ieen, intast inal 
mucosa, liver, kidneys, and lungs. These fibres consist of a special sub- 
stance, reticulin, investigated by Siegfried.^ 

Reticiilin has the following composition: C 52.88; H 6.97; N 15.63; 
S 1.88; P 0.34; ash 2.27 per cent. The phosphorus occurs in organic com- 
bination, It yields no tyrosine on cleavage with hydrochloric acid. It yields, 
on the contrary, sulphuretted hydrogen, ammonia, lysine, arginine, and 
aminovalerianic acid. On continued boiling with w’ater, or more readily 
with dilute alkalies, reticulin is converted into a bod}' which is preciffitatod 
by acetic acid, and at the same time phosphorus is split off, 

Reticulin is insoluble in water, alcohol, ether, lime-wiiter, sodium 
carbonate, and dilute mineral acids. It is dissolved, after several week's, 
on standing with caustic soda at the ordinary temperature. Pepsin-hydro- 
chloric acid or trypsin does not dissolve it. Reticulin responds to t!ie biuret, 
xanthoproteic, and Adamkxewick^s reactions, but not to Millon^s rougetit. 

^Xeitsclin f. physiol. Chem., 3? md 41; Kruger,, Lc, See foot-note 3, p. 57. 

*MaE, Abhandl d. rnath.-phys. Klasse d. Kgl. sichs, GeBellKeh. d. Wiss., 1891 ; 
Siegfried, Ueber die chem, Eigensch. der retifculirten Gewebe, Habil-Schrlft, 

1892, . ' •' , •- b - ' 
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According to Tebb reticnlin is only a somewhat changed, impure collagen, 
but this is disputed by Siegfried/, ' 

It may be prepared as follows, according to Siegfried: Digest intes- 
tinal mucosa with trypsin and alkali. Wash the residue, extract with 
ether, and digest again with trypsin and then treat with alcohol and ether. 
On careful boiling with water the collagen present either as contamination 
or as a combination with reticulin is removed. The thoroughly boiled 
residue consists of reticulin. 

Ichthylepidin is an organic compound, so called by C. Morner,^ which occurs 
with collagen in fish-scales and forms about i of their organic substance. This 
compound, with 15.9 per cent nitrogen and 1.1 per cent sulphur, stands on 
account of its properties rather close to elastin. It is insoluble in cold and hot 
water,, as well as in dilute acids and alkalies at the ordinary temperature. On 
boiling with these it clissolves. Pepsin-hydrochloric acid, as well as an alkaline 
trypsin solution, also dissolves it. It responds beautifully with Millon's 
reagent, the xanthoproteic reaction, and the biuret test. At least a part of 
the sulphur is split off by the action of alkali. 

As skeletins, Krukenberg^ has designated a number of nitrogenized 
substances which form the skeletal tissue of various classes of invertebrates. 
These substances are chitin, spongin, conchiolin, cornein, and fibroin (silk). 
Of these chitin does not belong to the protein substances, and fibroin 
(silk) is hardly to be classed as a skeletin. Only those so-called skeletins 
will be discussed that actually belong to the protein group. 

Spongin forms the chief mass of the ordinary sponge. It gives no gelatine. On 
boiling with acids, according to the older statements, it yields leucine and glyco- 
coll , but not tyrosine . Zalocostas claims to have found tyrosine and also amino- 
iso valerianic , acid and giucalanine (G 5 H 12 N 2 O 4 ) . After Hundeshagen had shown 
the occurrence of iodine and bromine in organic combination in different sponges 
and designated the albumoid containing iodine, todospowgm, Harnack”* later iso- 
lated from the ordinary sponge, by cleavage with mineral acids, an lodospongin 
which contained about 9 per cent iodine and 4.5 per cent sulphur. On the hydrol- 
ysis of spongin Abderhalden and Strauss ^ obtained abundance of glutamic acid, 
is. 1 , and gly cocoil, 13.9 per cent, also leucine, 7.5, a'-proline, 6.3, and aspartic acid, 
4.1 per cent. Very remarkable was the fact that neither tyrosine nor phenylalanine 
could be detected. Strauss ® has obtained sponginoses of various kinds from 
spongin by dilute acids. The heterosponginose contained the greater part of 
the iodine and sulphur, while the deuterosponginose contained the carbohydrate 
groups. lodospongin is considered as a derivative of the heterosponginose. 
Conchiolin is found in the shells of mmssels and snails and also in the egg-shells of 
these animals. It yields, according to Wetzel, ^ glycocoil, leucine, and abundance 
of tyrosine. The quantity of diamino-nitrogen amounts to 8.7 per cent and the 
amide nitrogen 3.47 per cent (from the shell of pinna). The Byssus contains a 


^Tebb, Jourii. of Physiol., 27; Siegfried, ibid,, 28. 

® Zeitschr. f. physiol. Chem., 24 and 37. See also Green and Tower, ibid,, 33 , 

3 Grundziige einer vergl. Physio!, d. thier. Geriistsubst., Heidelberg, 1885 . 

* Zalocostas, Compt. rend., 107; Hundeshagen, Maly's Jahresber,, 23; Plarnack, 
Zeitschr. f. physiol. Chem., 24. , 

® Zeitschr. f. physiol. Chem., 48. - ■ ■ . . 

®Biochem* CentralbL, 3. ; ' ' - ' i''''"',; 

^ Zeitschr. L physiol. Chem., 20/ and ^Centralbl. -i PhysioL, 18, 113, ' 
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substance, closely related to conchiolin,- which, is soluble with diffifiilty. Corneiii 
forms the axial system of the Antipathes and Gorgoma. it ^iv(*s leiiriie* and a 
crystaliizable substance,. cormcri/s^alZmc, ' According to Drecmskl tlic» axinl sys- 
tem of the Gorgonia cavolini contains nearly 8 per cent of the dry subslfuire as 
iodine. The iodine occurs in organic combination witii an Iodized albumuith nor- 
gonfjt, which is, a cornein. Drechsel obtained leucine, tyrosine, aniiiionia, 

and an iodized amino-acid, iodogorgonic acidy as cleavage products gorgooin. 
According' to Wheeler and Jamieson ^ iodogorgonic acid is <iiiud«)tyrosin<‘, pnh- 
ably 3,5-diiodotyrosme, CA(CH2CH(NH2)eO0H)(01I)I,, and^ was preparoil by 
them '.by the, action of iodine upon tyrosine and alkali. Henze " could obtain tib.s 
acid only in very small quantities, and by. acid cleavage of gorgoiiin lie ohi allied 
' the three hexone bases, abundance of tyrosine,, and very ieucints (huh *a, wsge 
with barium, hydrate he obtained only lysine besides tyrosiui^ and glycocoll in 
larger amounts.' . 

Fibrain and sericin are the two chief constituents of raw* silk, lly ihi- niiie.n 
of boiling w^ater the sericin (silk gelatine) dissolves and can be «»btained by a 
method suggested by Bondi, ^ while the more difficultly soluble libroin remains 
undissoived in the shape of the original fibre. The sericin, wiiose sulliritadly 
.concentrated hot solution gelatinizes on cooling, is precipitated b\” iniiieral acids, 
several metallic salts, and by acetic acid and potassluui fiui’ocyaniilc. As ihaivage 
P'roducts E,. 'F'xsghbr and 'Skita obtained" alanine, seriiKq very litth,* glycocoh, 
tyrosine, arginine, and probably also lysine. Leucine had been fomu! |n-(‘\driusly. 
From fibroin they obtained, besides the previously kuiowm ck^avage |)rMducis, 
glycocoil, tyrosine, and alanine (Wevl **), also leucine, phenylalanine, seriTie, 
a:-prolme (Fischer), and a small amount of arginine. The <‘hief producis were 
giyeocoll, 36 per cent, alanine, 21 per cent, and tyrosine, 10 per cent. Tiie com- 
position of the above-mentioned albuminoids is as follows : 

.. 0 ' H N . S' 

Cbnchiolin (from the shells of pinna). . . 52.70 6.54 :l6.i»0 0.85 (Wetzfj/i 

, ' , :.('from snail eggs). ^ . 02 6 .88 IT. 86 0 . 31 ( i\ ur kkk mum ) . 

Spongin'. .. ... . . . . . . .' .-AO.io 6.30 16.20 O.oU (Vimut*hi:\\rrr\ 

48,75 6,35 16.40 .... 

: ''Cbrnein. ... ", . ... . ..... , , . ^S.Ofi -..S.HO . ■1'6.,S1 ' . . (.Kicoiv'ENimRa) 

. c. ........... ..' ,■48.23 " -6.27 18,3! .... {Vu \mvm I 

. ■ . , ... .... . 48.30 ii.m 10.20 .... Adoxos i 

.:'^Se^ieill..,v,:.':,.:.. ....... ... 44.32 6.18 18.30 . , , , iVn imkh) 

■ 44.50 6.32 17.14 .... (Hfixoi) ' 


^Amex*. Chetn. Journ., 33. 

*Drechsel, Zeitsehr. f. Blologie, 33; Henze, Zieitsehr. f. phy.-^ioL thcin.. 3S. 

^ Zeitschr. f. physiol, (hem., 34, 

^ Fjscher and Sldta, ibid,, 33; Fischer, ibid,, 30; Weyl, Bcr. d. d . cheni. ( c^scILscIl , 21 . 
®Krukenbcrg, Ber„ d. d, cheni. Gesellsch., 17 and 18, arid 7^‘itsrlir, f. Biologr, 22; 
Croockewitt, Anna!, d. Chem, u, Fhann., 48; Fosseit, itdd,, 45; (, tracer, Jmiric f, 
prakt. Chem., 06; Vignon, CompE rend., 115 ; Wetzel, I cc, and ikiiidi, I c. 
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Appendix to Chapter II. 

HYDROLYTIC CLEAVAGE PRODUCTS OF THE PROTEIN SUBSTANCES. .■ ' 
I. Monamino-acids. 

GlycocoU (aminoacetie acid), C 2 HsN 02 =^® 2 (NH 2 )^ also called glycine 

CuOH 

or gelatine sugar^ is found in the muscles of the invertebrates, but has 
chief interest as a h37drolytic decomposition product of protein bodies, 
especially gelatine, fibroin, and spongin, as %vell as of hippuric acid and 
glycocholic acid. It is also formed in the decomposition of uric acid, 
xanthine, guanine, and adenine. 

GlycocoU has been most abundantly obtained thus far from the protein 
substances fibroin ^ (36 per cent), elastin^ (25.75 per cent), gelatine and 
gelatoses^ (16.5 and 20.3 per cent respectively). 

GlycocoU forms colorless, often large, hard rhombic crystals or four- 
sided prisms. The crystals have a sweet taste and dissolve readily in 
cold water (4.3 parts). It is insoluble in alcohol and ether and dissolves 
with difficulty in warm alcohol. GlycocoU combines with acids and alkalies. 
With the latter compounds we must mention those with copper and 
silver. GlycocoU dissolves cupric hydrate in alkaline liquids but does 
not reduce at boiling heat. A boiling-hot solution of glycocoll dissolves 
freshly precipitated cupric hydrate, forming a blue solution, which, in 
proper concentration, deposits blue needles of copper glycocoll on cooling. 
The compound with hydrochloric acid is readily soluble in water but less 
soluble in alcohol. 

SoiiExsp:N ^ finds that phosphotimgstic acid does not precipitate glyco- 
coli from dilute solutions but only from concentrated ones. By the action of 
gaseous HCl upon glycocoll in absolute alcohol, beautiful crystals are 
obtained of the hydrochloride of glycocoll ethyl ester, which melts at 144^^ C. 
and from which the glycocoll ethyl ester can be obtained by the method 
suggested by E. Fischer ^ for the separation of glycocoll from the other 
amino-acids. On shaking with benzoyl chloride and caustic soda, hippuric 
acid is formed, and this is also made use of in different ways in detecting 
and isolating glycocoll (Ch. Fischer, Gonnermann, Spiro ^). The melting- 

' ^Fischer and Skita, Zeitschr. f.- physiol. Chehi., 33. ' , 

; 2 Abderhaiden and Sehittenhe'Im, 41. ^ '' j t 

^Fischer. Levene and Aders, ibid., 35; Levene, ibid., 37 and 41. , 

** Moddelelser, fraa Carlsberg-Iaboratoriet, 6, 1905. 

®Ber. d. d. ehem. Gesellsch., 34. ^ / 

*Ch. Fischer, Zeitschr. f. physiol. Chem., 10;, .Spiro, Gpimermanu/ 

PffiigeFs Arch,, 50. . - ^ , 
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point of :gIycocoII-/9“naphtlialenesulphonate is 1.56° (corn 159°)^ of^giycocoll 
4 -Jiitrotoluene- 2 »suiphoiiate 177.5° (corn 178°); of the pheiiylisocyaiiate 
compound, 195° and of the a-naphthylisocyanate compound 190.5-191.5°. 

Glycocoll can be best prepared from hippuric acid by boiling it with 
4 parts dilute., siiiphurie acid (1:6) for ten to twelve hours. .After (‘ooliiig 
the benzoic, acid is removed, the filtrate concentrated, the rem.ainiiig benzoic 
acid removed by extracting with ether, the sulphuric acid J 3 reeipitatcil by 
BaCCls, .and .the filtrate evaporated to the point of crystallization. (In regard 
to its preparation from protein 'substances see below.) 

, CH 3 . 

Alanine (a-a.m.inopropionic acid),.C3H7N02=(5H.(NH2), was first obtained 

COOH 

by Weyl as a cleavage product of fibroin. This d-alanine has been 
isolated by Fischer and his collaborators^ still more abundantly from 
fibroin (21 per cent) and also from sericin (5 per cent), horn substance 
(1.20 per cent), gelatine ( 0.8 per cent), hsemoglobin (2.87 per cent), and 
elastin ^ (6.58 per cent). 

Alanine has a sweet taste, is readily soluble in water, and dissolves cupric 
hydrate on boiling, producing copper alanine, which has a deep blue color. 
The specific rotation of the hydrochloride (9-10 per cent solution) is 
4-10.3°. In regard to the synthetical preparation of f-alanine, its separa- 
tion as the benzoyl compound, and the preparation of 4a!aniiie ethyl 
ester we must refer to E, Fischer.^ 

The d-alanine-/?-naphthalenesulphonate melts at 78-80° (70-4] ° corr.), 
the racemic alanine-4“nitrotoluene-2-sulphoiiate at 96° (uneorr.), the 
phenylisocyanate compound at 168°, and the n-naphthylisocyanate eon> 
pound at 198° C. 

GH 3 CH 3 

Ammovaierianic add, C 5 HaN 03 .=^' has been detected several timcH 

CHCNHa), 

COOH 

among the cleavage products of protein substances. Kossfj. and DAKix * ob- 
tained 4.3 per cent from saimine. The acid isolated by E. Fischer from horn 
substance (5.70 per cent) and casein, as well as that obtained by Bciiulze and 
WixVTERSTEiN ^ from lupin sprouts, seems to be dextrorotatory «-aniino valerianic 
acid. The copper salt of amino valerianic acid is, according to Bemn.zK and 
WiNTERSTEiN/ readily soluble in methyl alcohol. 

^Weyl, Ben d. d. chern. GeseEsch., 21; Fischer and Sidta, Zeifsclir. f. physioi 
■ Chem*, S3; Fischer and Dorpinghaus, ibid^, S3; Fischer, Levene and Aders, 

35; Fischer and Abderlmiden, tW., S 6 . 

® Alxlerhalden and Schittenhelm, ^eitschr. physiol. Chem., 4L 

*Ber. d. d. chem. Geseilsch., and S4, ; ■ / ' ' y. 

*2leitschr, f. physiol Chem., 41. ' * . ' ' ' 

^ Fischer. IMd., S 6 and SS; Sehuke and Wintersteln, ibU,, S5. 

y, ■ ■. ; y.,.' , 
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Leticine (aminocaproic , acid,' or, more correctly, a-aminoisobutvlacetic 
■ cHsCHa.' 


acid), C 6 Hi 3 N 02 ==='. CH 2 > produced from protein substances ' in 
■ ' ' ^ CH(NH2) ' 

COOH 

their hydrolytic cleavage by proteolytic enzymes, by boiling with dilute 
acids or alkalies or b\^ fusing with alkali hydrates, and by putrefaction. 
Because of the ease with which leucine (and tyrosine) are formed in the 
decomposition of protein substances, it is difficult to decide positivel}^ 
whether these bodies when found in the tissues are constituents of the living 
body or are to be considered only as decomposition products formed after 
death. Leucine, it seems, has been found as a normal constituent of the 
pancreas and its secretion, in the spleen, thymus, and lymph glands, in the 
thyroid gland, in the salivary glands, in the kidneys and in the liver. It also 
occurs in the -wool of sheep, in dirt^ from the skin (inactive epidermis), and 
betw'een the toes, and its decomposition products have the disagreeable odor 
of the perspiration of the feet. It is found pathologically in atheromatous 
cysts, ichthyosis scales, pus, blood, liver, and urine (in diseases of the 
liver and in phosphoms poisoning). Leucine occurs often in invertebrates 
and also in the plant kingdom. On hydrolytic cleavage various protein 
substances yield different amounts of leucine. Erlenmeyer and Schofper 
obtained 36 -45 per cent of leucine from the cervical ligament, Abderiialden 
and Schittenhelm 21.38 per cent from elastin, Cobn 32 per cent from 
casein, and Nencki 1.5-2 per cent from gelatine. E. Fischer and Abder- 
HALDEN obtained 20 per cent of leucine from hgemogiobin, Fischer and 
Dorpinghaijs 1S.3 per cent from horn substance, Nexcici 1.5-2 per cent 
from gelatine, and Fischer and Skita 1.5 per cent from fibroind 

Leucine occurs, like other monamino-acids, iiidhe Z-, d-, and i-modifica- 
tions. The leucine obtained by cleavage of protein substances is generally 
ievorotatory in watery solution and dextrorotatory Z-leucine in acid solution. 
The leucine prepared S 3 mthetically by Hufner^ from isovaleraldehyde, 
ammonia, and hydrocyanic acid is optically inactive. Inactive leucine may 
also be prepared, as shown by E. Schulze and BossHARDr^ by the cleavage 
of proteins with baryta at 160-180° C., or by beating ordinary leucine with 
baryta-'water to the same temperature. The ievorotatory modification 


^ Erlenmeyer and Sehoffer, cited irom Maly, Chem. d, Verdauungssafte, in Her- 
manri’B Handb. d« Physiol., 5, Theil 2, p. 209; AMerhaiden and Schittenhelm, 
Zeitschn f. physiol, Chem., 41; Cohn, 22; Nencki, Joum. 1 prakt. Chem. (N, 
F.), 15; Fischer, and his collaborators, see p. '84, foot-note L ■ •’ 

*lourn. f. prakt. Chem. (N. F.), 1; ^ 

‘ '’v' ®See Zeitschr. f. physiol. Chem., 9 and 10. ■ ■ v ' . ' ■ / , 
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THE PEOTEIISr' BUBSO^CES 

may be formed from the inactive leucine by the action of Peiiicillum glauciimt 
On benzoylatiiig f~leucine we obtain ^-benzoylleucine, from whose einchoniiie' 
and quinidine salts first d~ and 'then Z-benzoylieiicine are .prepared;, and 
then by hydrolytic cle.avage'd- and Zdeucine may be obtained (E. Fischer). 
On ,,o.xidation, the leucines yield the corresponding oxyacids (leucinic acids). 
Leucine is decomposed on heating, evolving carbon dioxide, ammonia, and 
amylamine. On heating with alkalies, as also in putrefaction, it yields 
valerianic acid and ammonia. 

Leucine crystallizes when pure in shining, white, \'ery thin plates, usually 
forming round knobs or balls, either appearing like hyaline, or with alter- 
nating light and dark concentric layers which consist of radial groups of 
ciystals. By slow heating, leucine melts and sublimes in white, w'oolly 
flakes, which are similar to sublimed zinc oxide. At the same time an odor 
of amylamine is developed. Quickly heated in a closed eapillar}" tiilie, it 
melts with decomposition at 293-295®. 

Leucine, as obtained from animal fluids and tissues, is very ea»sily soluble 
in 'water and rather easily in alcohol. Pure leucine is soluble with difficulty , 
Pure Z- and d-Ieucine dissolve in 40-46 parts water, more readily in hot 
alcohol, but with difficulty in cold alcohol. The f-leueine is much less solu- 
ble. According to Habehmann and Ehrexpeld^ 100 parts of boiling 
glacial acetic acid dissolve 29.23 parts of leucine. The specific rotation of 
the ordinary leucine, dissolved in hydrochloric acid, is about (a)j:) — 4- 17,5®. 

The solution of leucine in water is not, as a rule, precipitated by metallic 
salts. The boiling-hot solution may, however, be precipitated by a boiling- 
hot solution of copper acetate, and this fact is made use of in separating 
leucine from other substances. If the solution of leucine is boiled witii 
sugar of lead and then ammonia be added to the cooled solution, shining 
crystalline leaves of leucine-lead oxide separate. Leucine dissolves cupric 
hydrate, but does not reduce on boiling. 

Leucine is readily soluble in alkalies and acids. It gives crystalline com- 
pounds with mineral acids. If leucine hydrochloride is boiled with alcohol 
containing 3-4 per cent HCI, long narrow crystalline prisms of leucine ethyl 
ester hydrochloride, melting at 134® C., are formed (Rohmann). The 
same is jiroduced by the action of gaseous HCi upon leucine in aieohol, 
and the free ethyl ester can te obtained from this by the methoci suggested 
by E. Fischeb.® This ester can be separated from the other amino-aedd 
esters by distillation. The pure leucine can be prepared from the ester by 
boiling with water for a long time. The pieratO'Of the leucine ester melts at 
128^0. ,,, The pheiiylisocyanate compound of 'i-Ieucine melts at J65®{L 
and its anhydride at 125® C. The ac-naphthylisocyanate compound melts at 
163.5® and l-leucine i?-naphthalenosulphona’te melts at 67® (eorr. 68®). - 

*21eit8chr, !• physiol, Chem,, S?.-' ' ■ ^ 

... ^ Iler. d. d. chem., E. Fischer, M. . 
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Leucine is recognized by tlie appearance of balls or knobs under the 
microscope, by its action when heated (sublimation test), and by its com- 
pounds, especially the hydrochloride and picrate of the ethyl ester and the 
phenylisocyanate compound of the racemic leucine obtained by heating 
with baryta-water, the n:-naphthylisocyanate compound and the leucine 
^5-naphtiialenesulphonate. Leucine must first be isolated before it can be 
detected, and this is best done by preparing the ethyl ester and then dis- 
tilling it., 

Leucimmide, 0,01122^202= ..-rr hrr TT > obtained by Ritt- 

CU.JN id. 0 x 1 , 0411(5 

HAUSEN in the hydrolytic cleavage products on boiling proteins with acids, and 
•subsequently by R. Cohn. Salaskin ^ obtained it in the peptic and tryptic 
digestion of hfomoglobiii. As an anhydride of leucine (2.5-diacipiperazine) it 
is probably formed by a secondary change, from leucine. 

It crystallizes in long needles and sublimes readily. The melting-point has 
not been found constant in the different cases. The leucinimide (3.6-diisobiityl- 
2.5“diacipipGrazine) prepared synthetically by E. Fischer^ from leucine ethyl 
ester melted at 271® C. 

Isoleucine, an isomer of leucine, has recently been discovered by F. Ehr- 
lich, but its constitution is still unknown. Ehrlich first isolated it from 
the mother-liquor after removing the sugar from molasses, and found it also 
on the hydrolysis of several proteins, and considers it as regularly asso- 
ciated with ordinary leucine. Winterstein and Pantanelli obtained 
it on the hydrolysis of the protein of lupin seeds, and it has also been found 
by Schulze and Winterstein ^ in sprouts. 

Isoleucine is more soluble in water than Z-leiicine (1 : 25,8). It is dextro- 
rotatory in aqueous as well as in acid solutions and in the presence of hydro- 
chloric acid it acts more than twice as strongly as ordinary leucine. In 
aqueous solution the specific rotation is (a)D= +9.74®, in hydrochloric-acid 
solution = +36.8®. Isoleucine melts at 280®, and the benzoyl compound 
has a melting-point of 1 16-1 17®. Its copper salt is rather soluble in water 
and, like the copper salt of aminovalerianic acid, is readily soluble in methyl 
alcohol. 

COOH 
r'lTfNFf A 

Aspartic Acid (aminosuccinic acid), C 4 H 7 N 04 ==;^t^-^'“ has been 

VJI2 

COOH 

obtained on the cleavage of protein substances by proteolytic enzymes 
as well as by boiling them with dilute mineral acids. Hlasiwetz and 
Habermann obtained 23,8 per cent from ovalbumin and 9.3 per cent 
from casein, although the product was not quite pure. E. Fischer and 


^ RitthaiLsen, Die Eiweisskorper der Getreidearten, etc., Bonn, 1872; R. Cohn, 
Xeitschr, f. physiol. Cbem., 22 and 29;* Salaskin, ibid,, 32. y 
® Ber. d. d. chern. Gesellseh., 34. . , ' 

® Felix Ehrlich, 37; Winterstein and Pantanelli, 2eitschr.. L physiol. Cliem., 
45; Schulze and Winterstein ibid,, 
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his co*workers' obtained 3.29 per cent -aspartic, acid, from iia3iBOg!obiny 
2.50 per cent from horn substance/ and 0.56 per, cent from geiatine. This 
acid also oceiirs in secretions of sea-snails (Henze 2) a, nd is very wide!}'" 
diffused, in the .vegetable kingdom as. the , amide Aspaeagine (amiriosueeinic- 
acid amide), which, seems to be of the greatest importance in the deve!i)p“ 
ment and formation of the proteins in the plants. 

^ Aspartic acid dissolves in 256 parts water at 10® 0. and in 1R.6 parts 
boiling water/, and crystallizes on ' cooling . as , rhombic , prisms. . The acid 
prepared from protein substances is optically active, and its 4 per cent solu- 
tion acidified .with HCl has. the-'rotatio,n. (a)D —.4-25.7®; but it is cither 
dextrogyrate or levogyrate in a. watery .solution../. dependiiig upon tlic? tem- 
perature. It forms with copper oxide a crystalline eompoiind wliich is 
soIu]:)lc in boiling-hot water and nearly insoluble in cold water, and wliicii 
may be used in the preparation of the pure acid from a mixture "with other 
bodies. 

In rega.rd. to the benzoylaspartic acids and the diethylester we must 
refer to the work of E, Fischer and his collaborators. For identification 
we make use of. the analysis of the free acid and, the copper salts, as well 
as the speci,fic rotation. 

COOH 

te(NH2) 

Glutamic acid («-aminogIutaric acid), C5H9NO4 — CTI2 , is obtained 

CH2 

COOH 

from the protein substances under the same conditions as tlie other mon- 
amino-acids and from the peptones (Siegfried). Hlasjwetz and Haber- 
MANN obtained 29 per cent from casein by cleavage with hydrochloric aciiL 
while Kutscher could obtain only 1.8 per cent glutamic acid by cleavage 
with sulphuric acid. Horbaczewski has obtained 15-18 per cent glu- 
tamic acid from gelatine and about the same amount from horn, uliilc 
Fischer and Dohpinghaus obtained only 3 per cent from horn. Fls(?hkr 
and Abdeehalden obtained 1.06 per cent from haemoglobin, KuTs^iiEn 
3.66 per cent from thymus histone, and Abdeehalden and ob- 

tained S per cent from ovalbumin. 

Glutamic acid cnwstallizes in rhombic tetrahedra or octahedra or in 
small leaves. It melts at 202-203® C. with partial clecornpositiom It 
'dissolves in 100 parts water at 16® C., and in 1500 parts 80 per cent aleoliol 


, ^ Hlasiwctz ami Habormami, AnnaL d. Chem. u. Phamn, IM and lf4l; JA lilselicr 

and collalwrators, see foot-note 1 , p. 84. ■ 

^ d. d. ehem, Geselkck, ' 

; ' ^ Hksiwetz and Hahermann, 1. e., 150; Kutscher, Zeitschr. f. physiol Chem., 28 
md ZB; Horbaczewski, D^ialyk Jahresbor,,- .10; Blscher and’ collaborators, I. c.; 
Akierhalclen and Fregi, Zeitsehr. f. physipl* Chem., 4lL 



: TYROSINE." ' 

It is insoluble in alcohol and ether. The d-glutamic acid obtained from 
proteins by boiling with an acid or from the mother-liquor from molasses 
is dextrorotatory, and in water has a rotation of (a:)B == +1 2^04® according 
to Andblik.^ Strong acids increase the rotation, and a 5 per cent solution 
of glutamic acid containing 9 per cent HCl has a rotation (a)D== -4-31.7°, 
while that obtained by heating with barium hydrate is optically inactive. 
The d-glutamic acid forms a beautifully crystalline combination with hydro- 
chloric acid, which is nearly insoluble in concentrated hydrochloric acid. 
This compound is used in the isolation of glutamic acid. On boiling with 
cupric hydrate a beautiful crystalline copper salt, which is soluble with 
difficulty, is obtained. Like the monamino-acids in general, glutamic acid 
is not precipitated by phospliotungstic acid. In regard to the benzoylglu- 
tamic acids and the diethylester we must refer to the works of Fischeb.^ 
The hydrochloride, the n-naphthylisocyanate of glutamic acid which melts 
at 236-237° C., the analysis of the free acid, and the specific rotation are 
used in its detection. 

C6H4(0H) 

CH2 

Tyrosine (p-oxyplienyl-a-aminopropionic acid), y is 

COOH 

produced from most protein substances (not from gelatine and reticulin) 
under the same conditions as leucine, which it habitually accompanies. The 
largest quantity of tyrosine obtained from animal proteins was obtained 
by Fischer and Skita from fibroin, namely, 10 per cent. The maxi- 
mum obtained from thymus histone (Kutscheb) was 6.3 per cent, from 
horn substance (R. Cohn) 4.6 per cent, from casein (Reach) 4.55 per cent, 
from fibrin (Kuhne) 3.S6 per cent, from ovalbumin, seralbumin, and ser- 
globulin (K. Mobnii^r) 2.4, 2.0, and 3.0 per cent respectively, from syntonin 
(Reach) 1.37 per cent, from hsemoglobin (Fischer and Abuerhalden) 
1.5 per cent, and from elastin (Schwarz^) 0.34 per cent. It is especially 
found with leucine in large quantities in old cheese (Tvpo^), form which 
it derives its name. Tyrosine has not with certainty been found in per- 
fectly fresh organs. It occurs in the intestine in the digestion of protein 
substances, and it has about the same physiological and pathological im- 
portance as leucine. 

Tyrosine was prepared by Eelenmeyer and Lipp from p-aminophenyl- 
alanine by the action of nitrous acid, and according to another method by 


^ See Biochem. Centraibk, 3,p.469. . , - 

^ Fischer and Skita, 1. c.; Kntscher, Zeitschr. f. physioL Chem., 88; R. Cohn, ibid.j 
26; Reach, Virchow’s Arch., 188; Kuhne, ibid.,, 89; K. Morner, Zeitschr. f. physioL 
Chem., 84; Fischer and Abderhaldea, i. c.;, Schwarz, ibid,j 18. ~ , , , > , ' 
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ERLENMEYEB/ aiicr H alsey.^ . On' fusing 'with caustic alkali it y ields p-oxy- 
benxoic acid, acetic acid, and ammonia. ' 'On putrefaction, it 'may yield, 
p-hydrocoumaric acid, oxyphenylacetic. acid., and p-cresoL 

Naturally occurring tyrosine and that obtained by the (ic^a\’iige oi pro- 
tein suljstances is generally /-tyrosine, while that obtained b}' decom posit ic^n 
with, baryta-water or prepared synthetically is i,na.ctive. v. Lippmann^. 
has obtainecl r/4yrosine from beet-sprouts. The statements as to specific 
rotation of tyros.ine are somewhat 'variable. ' For- tyimine froni proteins E. 
Fi'scher has found .a rotation of '(o:)d = ~ 12.56 to 13.2'''’ for the hydrochloric- 
acid solution, while Schulze and Winterstein^, obtained higher results 
Aisiiig tyrosine from plants, name-ly, (a)x)==' — 16.2^. These investigators 
believe that when lower results are obtained a contamination with riu'cmic 
tyrosine is the cause. 

Tyrosine in a very impure state may be in the form of balls similar to 
leucine. The purified t^TOsine, on the contrary, appears as colorless, silky, 
fine needles which are often grouped into tufts or bails. It is soluble with 
difficulty in water, being dissolved by 2454 parts water at 20^0. and 154 
parts boiling water, separating, however, as tufts of needles on cooling. 
It dissolves more easily in the presence of alkalies, ammonia, or a mineral 
acid. It is difficultly soluble in acetic acid. Crystals of tyrosine separate 
from an ammoniacai solution on the spontaneous evaporation of the am- 
monia. One hundred parts glacial acetic acid dissolve on boiling only (Ll8 
parts tyrosine, and by this means, especially on adding an equal volume of 
alcohol before boiling, the leucine can be quantitatively separated from ll.ie 
tyrosine (Habermaxn and Ehrenfeld). The /-tyrosine ethyl ester crys- 
tallizes in colorless prisms which melt at lOS-lOO^C. The naphthyliso- 
cyanate-Z-t^Tosine znelts at 205”"200°. Tyrosine can be oxidized with the 
formation of dark-colored products by various plant as well us animal 
oxidases, so-called tyrosinases (see Chapter I). By the enzyme occurring 
in l)eet“juiee tyrosine can be converted into homogentisic acid {Goxxeh- 
MANN Tyrosin is identified by its crystalline form and hy the following 
reactions: 

Piria's Test. Tyrosine is dissolved in concentrated sul|)huric acid l^y 
the aid of heat,!)y which tyrosine-sulphuric acid is formed; it Is allowcii to 
cool, diluted with water, neutralized by BaCOs, tind filtered. On tiie addi- 
tion of a solution of ferric ehloHde the filtrate gives a beautiful violet color. 


* Erienmeyer and Lipp, Ber, d* d. chem. -Geselisch., 15; Erienmcyer and Halkty, 
^ Ibid., 17. 

^See Hoppe-Seyler-TMerfelder, Ha-ndb. d, physiol ii. pathol chein. Analyse, 7. 
Aullage, Also E. Fischer, Ber. d, d* chem^Oeseilscin, Sohuke and Winler- 

, stein, Mtschr. L physiol, Chem*, '4i* 

PiiigePs Arch., 82, 


'phenylalanine;'- 

This reaction, is; disturbed by the presence of free mineral acids and by the 
addition of too much ferric chloride. 

Hofmann’s If some water is poured on a small quantity of 

tyrosine in a test-tube and a few drops of Millon’s reagent added and then 
the mixture boiled for some time, the liquid becomes a beautiful red and 
then yields a red precipitate. Mercuric nitrate may first be added, thenj 
after this has boiled, nitric acid containing some nitrous acid. 

Deniges’ modified by C. Morneb,^ is performed as follows: To 
a few cubic centimetres of a solution consisting of 1 vol. formaline, 45 vols. 
water, and 55 vols. concentrated sulphuric acid add a little tyrosine in sub- 
stance or in solution and heat to boiling. A beautiful permanent green 
coloration is obtained. 

CHs.CsHs 

Phenylalanine (phenyl-a-aminopropionic acid), C9HiiN02= CH(NH 2 )^ 

CGOH 

was first found by E. Schulze and Babbieri^ in etiolated lupin sprouts. 

It is produced in the acid cleavage of protein substances. E. Fischer 
and his collaborators ^ obtained 3.38 per cent phenylalanine from hsemo- 
globin, 3.0 per cent from horn substance, 2.5 per cent from ovalbumin and 
casein, 1.5 per cent from fibroin, and 0.4 per cent from gelatine. Abder- 
HALDEN and Schittenhelm obtained 3.89 per cent from elastin. 

The Z-phenylalanine crystallizes in small, shining leaves or fine needles 
which are rather difficultly soluble in cold water but readily soluble in 
hot water. A 5 per cent solution acidified with hydrochloric acid or sul- 
phuric acid is precipitated by phosphotungstic acid, while a more dilute 
. solution is not precipitated. On putrefaction, phenylalanine yields phenyl- 
acetic acid. On heating with potassium dichromate and sulphuric acid 
(25 per cent) an odor of phenylacetaldehyde is produced and benzoic acid 
is formed. 

The separation and preparation of the three amino-acids, aspartic 
acid, glutamic acid, and tyrosine, from a mixture of hydrolytic decomposi- 
tion products of protein substances is performed essentially according 
to the method suggested by Hlasiwetz and Habermann with the modi- i 

fications and changes proposed by other investigators. The isolation and ; 

purification of the amino-acids can be best accomplished according to E. ; 

Fischer’s method, which consists essentially in esterifying the acids first * : 

with hydrochloric acid and alcohol, separating the esters from their hydro- | 

chloride by means of alkali, and then fractionally distilling the esters under i 

very low pressure, and finally saponifying the different fractions by > 

boiling with water or by heating, with baryta-water. It is not within the ' 

r* • - scope of this book to give a detailed, description of these methods, there- i 


, ^ Denig^s, Compt. rend., ISO;. C. Mdrner, Zeitsehr. L physioL Cbem,, 
® Ber. d. dlchem. Geseilsch., 14, md Zeitsehr, f, physioL Chem,, IZ 
See foot-note 1, p# 84, ^ 
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fore we must- refer for., further information, to ' Hop'P'e-Seyler-*Thi:erpel- 
DER^s Handbuch cler pliysiologiscli- und pathologisch-cliemisclieii .Analyse/’ 
7. Aiiflage, and to IHscH.-ERts ^, Gollerh.ed. woihsmn this; subject 
; We must here add ■ tliat ,t.he preparation of the /9~iiaplitlialenesu!plio- 
derivatives according to Fischer and '.B e-rge.ll, of t,iie 4-nit rot olue.ne-2“ 
sulpho-compounds accordi,ng to SiegfrieDj and - of the a'-iiriplitii\iiso- 
.cyanate coinpoiinds according to Neuberg and Manassi-:- are a!.s(.) of 
importance in the detection and isolation of many of the ainiuo-acids. 

Cystine^ CGH 12 N 2 S 2 O 4 (the disulphide of u-arniuo-p^-thioiaetic ueifl/, 

Cii(NH 2 ) C-I-KNPU)? was first obtained with positiveness as a clea\'age 
COOH COOPI 

product of protein sulistances b}^ K. Morner, and then also by EniiOEw 
KttLZ'^ obtained it also once as a product of tryptic digestion of ribihi. 
Morner ol'itained 6.8 ]')er cent cystine from ox-horn, 13.92 per cent- from 
human hair, 7.02 per cent from the membrane of the hen egg, 2.53 per 
cent from seralbumin, E5l ])er cent from serglobuiiip 1.17 per cent from 
fibrinogen, and 0.29 per cent from ovalbumin. 

According to Neuberg and Mayer ^ two kinds of c\\stine occur in nature, 
namely, stone-cystine and proicin-cystine. Stone-cystine is the disulphide of- 

CH2NH2 CH2NH2 

/?-amino-a:-thioiactic acid, CH — S — S — CPI 

COOH COOH 

It is difficult to sa}" which cystine we have had in tlic A^arious cases 
where it has ].)cen found. The protein-cystine has been chiefly o])taiiK‘d 
from the protein substance, but also from calculi, while the stone-eystine has 
only been obtained from urinary calculi. Rotheka could not find any 
difference between the stone-cystinc and the cystine prepared from hair, rmd 
Fischer and Suzuki'"* arrived at similar results, which, seems to the 
existence of stone-cyst ine in doubt. The occurrence of two stereoisonieric^ 
cystines is not improbable, and im|)ortant observations of I^Iokn \:n sliow lhai 
the cystine-yielding group of the protein substances contains two cystines. 

Cystine occurs in rare cases in the urine or as a calculus, and has also 
been found in ox-kidneys, in the liver of the horse and dolphin, atal in 
traces in the liver of a drunkard. Abderhaldkx^ has found <'yslim,‘ in 


^ Her. d, d, ehem. Geseilsch., p. 530. His collected works on this subjec't 
maybe found in P'’isehcrts ‘HTntersuclumgen uiDer Aminostiiircri, Polypeptide uimI l'*m- 
teinc 1899-1906,” Berlin, 1906. 

® Pdsdier and Bergeil, Ber. d. d. ehem. Gesellsdi,, 35; Neuberg and Manasse, 

3S; Siegfried, Zeitschr. f. physiol. Chem,, 43. 

K. l^ldrner, iJbvL, 28, 34, and 42;; Embden, ibid., S2; Kuk, 2!eitsehr. f. Biologk^, 27* 

, ^ Zeitschr. f. pliysiol Ghem., 44. / ' 

* Rothem, Joiirn. of Physiol-., 32; ’Fischer and Satsuki, Zeitselir. f. pliysiol, Chcuii,, 45. 

- «Zeiischr. f. physiol Ohem,, SBA ' ' , ' ■ 
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the urine and also abundantly in the organs (spleen) in a case of parental 
: c 3 "stine diathesis. ■, 

The constitution of cystine has been explained by Friedmann^ and he 
has also established the relationship between cystine and taurine. Cystine 
is the disulphide of cj^steine, which is a-amino-/94hiolactic acid. From 
cysteine Friedmann obtained cysteinic acid (aminosulphopropionic acid), 

, ^ ' ■ CH 2 SO 2 OH 

C 3 H 7 NS 05 =CH(NH 2 ), from which taurine is produced by splitting off CO 2 . 

coon 

has also been prepared synthetically. Starting from ethyl 
formyl hippurate, Erlenmeyer, Jr., and Stoop first prepared the benzoyl- 
serine ester, and then with phosphorus pentasulphide they obtained the 
benzoylcystine ester. On splitting the latter with HCl they obtained 
cysteine, and then inactive cystine on oxidation. Gabriel^ has also pre- 
pared an isocysteine by the cleavage of rhodandihydrouracil with hydro- 
chloric acid, and then inactive C 3 ^stine by the oxidation of this isocysteine. 

Cystine crystallizes in thin, colorless, hexagonal plates. It is not soluble • 
in water, alcohol, ether, or acetic acid, but dissolves in mineral acids and 
oxalic acid. It is also soluble in alkalies and ammonia, but not in ammo- 
nium carbonate. Cystine is optically active, being levorotator 3 ^ Morner 
found it to be (a)D = —224.3°. On heating with hydrochloric acid it 
can, according to Morner, be changed into a modification crystallizing in 
needles and with a w^eaker levorotatory power, and indeed it can be 
changed into a dextrorotatory modification. On heating with HCl to 
165° for 12-15 hours Neuberg and Mayer obtained inactive cystine. It is 
cjuestionabie wiiether this is identical with the inactive cystine prepared 
by Erlenmeyer S}iitheTicaliy. By fungus fermentation with Aspergillus 
niger they obtained dextrorotatory cystine. Cystine has no melting-point 
but slowi}" decomposes at 258-261°. On boiling cystine with caustic alkali 
it decomposes and yields alkali sulphide, which can be detected by lead 
acetate or sodium nitroprusside. According to Morner 75 per cent of 
the total sulphur is separated. On treatment of cystine with tin and hydro- 
chloric acid it develops only a little sulphuretted hydrogen, and is con- 
verted into cysteine. On shaking a solution of cystine in an excess of sodium 
hydrate with benzoyl chloride, a voluminous precipitate of benzoyl cystine 
is obtained (Baumann and Goldmann^). The benzoyl compound melts 
at 182-184°. The phenyicyanate compound melts at 160° and on boiling 
with 25 per cent HCl is transformed into its anhydride, a hydantoin melting 
at 119° Cystine forms crystalline salts with mineral acids and with bases. 
For isolating and separating cystine the precipitation with mercuric acetate 

^ Hofmeifiter’s Beitriige, S, p. ,1. 

® Erlenmeyer and Stoop, Ber. d., cbem. Gesellsch., 30; Gabriel, 38. 

® Morner, Zeitschr. f, physmi. Chto., M; Baumann. and Goldmann^ 12. 
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is especially s'uited. Ondieating upon platinum-foil cystine does.not melti 
but ignites and, burns with ,a b'luish-green flame, with, the generation of a 
peculiar sharp, odor. ,■ Whe.n warmed- with nitric acid it . dissolves with 
decomposition and leaves on evaporation ■a-re'ddish-browii,.residue; w,liicli 
does not give the murexid test. ■ Cystine is gradually precipitated froiii itS' 
sulphuric acid solution by phosphotungstic acid. 

Stone-cystine^ according to Neuberg and Ma,yer, differs in many regards 
from the ordinary cystine, among which the following will be mentioned: 
The optically active stone-c^^stine crystallizes in needles, the speeiffe rota- 
tion is (a)D = ~ 206°; it melts at 190-192® with marked swelling up. Tlie 
benzoyl compound melts at 157-159®; the plienylc 3 uinate eom|)ound melts 
at 170-172®, and it is not changed on boiling 'with hydrochloric acitl. 

In the detection and identification of cystine ^ve make use of the crystal- 
line form, the behavior on heating on platinum-foil, and the sulphur reac- 
tion after boiling with alkali. As to its preparation from protein substances 
see K. SIoRNER.i In regard to the detection of cystine in the urine see 
Chapter XV. 

CI-b-SH 

Cysteine (a'-amino-/?-thiolacticacid),C3H7NS03~CH(NH2), is formed from cys- 

COOH 

tine bjs' reduction with tin and hjhrochloric acid. It is also produced in the cleavage 
of protein substances, but this is considered byMoRNER and Patton - as a second- 
iiry formation, while Embden considers it as primary from proteins poor in sul- 
phur, Besides «-anHno~,^-thiocysteine occurring in the proteins we may prob- 
al;)ly also have a /5-amino-a-thiotysteine. According toMoRXEK the thiolac‘ti<? acid 
which he obtained on the decomposition of cystine probabi}’' originat(?s from the 
latter, while tb.e e-ainiiio~/?-thiocysteine is probably" the inoi her -substance of the 
alanine obtaine<l at the same time. Cysteine can be readily converted into cystiiie, 

Totvards alkalies and lead acetate it acts like cystine. With sodiuni fiitru- 
prusside and alkali it gives a deep purple-red coloration ; with ferric chloride the 
solution gives an indigo-bluc coloration which quiekl}?' disappears. 

CH3 

TMoIactic add (a~tliiolactic acid), 0311^803 = CflI.SII, has b(!eu found once as a 

COOli 

cleavage product of ox-horn by Baumann and Suter. It has been sliowm I>y 
Friedmann that this acid is a regular cleavage produc^t of keratin siffistances, and 
that it can also be obtained from the proteins, Feankel obtained the acid 
from luemoglobii). The pyroraeemie acid obtained by I'^Iurxkk as a decomposi- 
tion product from several protein substances originates, according to ^Ioenkr, 
only in part from the cystine. 

CH.O NH<> 

Taurine^ (iiminoethylsulphonic acid),C 2 H 7 NS 03 =/„,"‘ V,,, has not 

been obtained as a cleavage product of protein substances; still its origin 

^ 2ieitsciir, t physiol. Chem,, JS4. 

„ * See foot-note 2, p, 28. • 

® Suter, Zaitschr. f. physiol, Chem., 20; Friedmann, HofinelsteFs Jkjitragc, S; 
Frlinkel, Sit^ungsber. cL Wien, Almd., 112, II, b, 190B» 

* Taurine does not bdong to the 'cleavage- products of the proteins, but for pmetkal 
reasona it .will be described in connection with eystine. 


TAURINE. 


:9S:, 


fromv proteins has Ueeii' shown by, Fkiedmann by the close relationship 
that taurine bears to C 3 ^steine. Taurine is especially know'n as a cleavage 
product of taiirocholic acid and may occur to a slight extent in the intestinal 
contents. Taurine has also been found in the lungs and kidneys of oxen 
and ill the blood and muscles of cold-blooded animals. 

Taurine crystallizes in colorless, often in large, shining, 4- or 6-sided prisms. 
It dissolves in 15-16 parts of water at ordinary temperatures, but rather 
more easily in warm water. It is insoluble in absolute alcohol and ether; 
in cold spirits of wine it dissolves slightly, but better when warm. Taurine 
yields acetic and sulphurous acids, but no alkali sulphides, on boiling with 
strong caustic alkali. The content of sulphur can be determined as sul- 
phuric acid after fusing with saltpetre and soda. Taurine combines with 
metallic oxides. The combination with mercuric oxide is white, insoluble, 
and is formed when a solution of taurine is boiled with freshly precipitated 
mercuric oxide (J. Lang ^). This compound may be used in detecting the 
presence of taurine. Taurine is not precipitated by metallic salts. 


The preparation of taurine from ox-bile is very simple. The bile is boiled 
a few hours with hydrochloric acid. The filtrate from the dyslysin and 
choloidic acid is concentrated well on the water-bath, and filtered hot so 
as to remove the common salt and other substances w^hich have separated. 
The solution is evaporated to dryness and the residue dissolved in 5 pe.r 
cent hydrochloric acid, and precipitated with 10 vols. 95 per cent alcohol. 
The crystals are readily purified by reciy^stallization from w^ater. The 
alcoholic solution can be used for the preparation of glycocoll. 'After the 
evaporation of the alcohol, the residue is dissolved in water, treated with a 
solution of lead hydroxide, filtered, the lead removed by H 2 S, and the filtrate 
strongly concentrated. The crystals which separate are dissolved and de- 
colorized by animal charcoal and the solution then evaporated to cr^’staili- 
zation. 

Though taurine shows no positive reactions, it is chiefly identified by 
its crystalline form, by its solubility in water and insolubility in alcohol, by 
its combination with mercuric oxide, by its non-precipit ability by metallic 
salts, and above all b}’' its sulphur content. 

Oxymonamino-acids. 

CH2(0H) 

Serine (a-amino-/9-ox3^propionic acid),C 3 H 7 N 03 ==CH(NH 2 )j "was obtained 

COOH 

by E. Fischer and his collaborators ^ as a cleavage product from fibroin (1:6 
per cent), horn substance (0.68 per cent), sericine, gelatine (0.4 per cent), 
and casein. Kossel and Dakin ^ obtained 7.8 per cent from salmine. 
Synthetically it was prepared by E. Fischer and Leuchs ^ from ammonia, 

^ See Malyts Jahresber*, 6* ' , • , ‘ 

*See foot-note 1, p. 84. ^ ' , ■ ' ' - ■ ^ 

® Zeitsebr. f . physiol. Chem., 41. ' , ' ‘ ^ 

_ * Ber. d._ d. chem. Geselkch., and Sit 2 ;.tingsber, d;. -Akad. d. :Wiss., Berlin? 1902* 
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hydrocyanic acid., and glycolyl aldehyde. Serine has also been prepared by 
Erlexmeyer, Jr., and Stoop ^ by starting with ethyl formyl liippurafe 
and converting it by reduction into benzoylserine ester, from which 
benzoylserine was obtained by saponification with alcoholic potash, and 
then from this, serine was obtained by boiling with sulphuric acid. 

Isoserine (/9-amino- a-oxypropionic acid) has been prepared by Ellincsr from 
diaminopropionic hydrobromide and silver nitrite, and by Nbubekg and Sn.BKii- 
MAXN ^ from diaminopropionic hydrochloride. 

Serine does not dissolve readil}^ in cold water (23 parts water at 20° (t), 
but more easily in hot water. The solution is inactive and has a sweet 
taste. Serine crystallizes from water in thin plates, which melt at 2*40° 
with the generation of a gas. 

According to Skraup, oxyaminosuccinic acid, C11H7NO5, is very pro])ably a 
hj^drolytic cleavage product of the proteins. This acid has been prepared syn- 
thetically by Neiiberg and Silbermann from diaminosuceinic acid and bariuni 
nitrite in sulphuric-acid solution. Oxyaminosuberic acid, CgHioXOr,* has been 
found by Wohlgemuth as a cleavage product of a liver niicieoproteid, and the 
acid CftHisNOfl, isolated by Orgler and Neuberg ^ from chondroi tin-sulphuric 
acid, but not from protein, and' considered by them as tetraoxyaminocaproic acid, 
seems also to belong to the oxyamino-acid group. 

2 . Diamino-adds (Hexone Bases). 

Arginine (guanidine-c\:-aminovalerianic acid), 

C6Hi4N402= (CH2)2 , 

CH(NH2) 

COOH 

first discovered by Schulze and Steigeb in etiolated lupin- and pumpkin- 
sprouts, has later been found in other germinating plants, in lubors aiul 
roots. Gulewitsch has found arginine in the ox-spleen. It was first 
found by Hedin as a cleavage product of horn substance, gelatine, and 
several proteins, and then by Kossbl and his pupils as a general cieav- 
age product of protein substances as a class. The greatest quantity was 
obtained from the protamines; but the histones and certain plant ])r<)teins 
(edestin and the protein from pine seeds) also yield abundant arginine. 
Arginine also occurs among the products of tryptic digestion (Kossjsl and 
Kutschbk). 

On boiling with baryta-water as well as by the action of an enzyme, 


*Ber. d. d. chem, Gesellsch,, S5. , 

^Ellinger, ibid., 37;„ Neuberg and Silbennaniii M., 37. 

' sSkraup, Zeitschr. f. physiol. Chein,, 42; Neuberg and Silbermann, ibiil., 44; 
Wohlgemuth, ibid., 44; Oigler and Neuberg; ibid., 37. . 
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arginme, discovered, , by Kossel and'. DAKiN,i arginme yields urea and 
ornitliine; Arginine has been prepared synthetically from ornithine (a-^-di- 
aminovalerianic acid) and cyanamide by Schulze and Winterstein.^ 

Arginine crystallizes in rosette-like tufts, plates, or thin prisms, is readily 
soluble in water and nearly insoluble in alcohol With several acids and 
metallic salts it forms crystalline salts and double salts respectively. Its 
acidified watery solution is precipitated by phosphotungstic acid. The most 
important salts are the copper-nitrate (C6Hi4N402)2.Cu(N03)2+3H20 and 
the silver salts C6Hi4N402.HN03-fAgN03 (the more readily soluble) and 
G6Hi4N402,AgN03 + JH20 (the more difficultly soluble) and its compound 
with picrolonic acid (Steudel ^). 

Arginine is dextrorotatory, but the arginine obtained by Kutscher in 
the tryptic digestion of fibrin was inactive. On oxidation with perman- 
ganate it splits off guanidine, which can be precipitated with sodium pierate. 
Orglmeister ^ bases his method for the quantitative estimation of arginine 
in mixtures obtained by hydrolysis upon this fact. 


Omithine (a:-<5-diaminovaleriamcacid), C 5 H 12 N 2 O 2 = 


CH2.(NH2) 

(CHO. : , . 

CH{NHo)» ^ primary 


COOH 

cleavage product of proteins, but is formed from arginine on boiling with baryta- 
water. Jaffe,® who first discovered this body, obtained it as a cleavage product 
from ornithuric acid, which is found in the urine of hens fed with benzoic acid. 
The ornithine which E. Fischer and recently Sorensen ® have prepared syn- 
thetically yields, as shown by Ellinger, putrescine (tetramethyienediamine) , 
C 4 Hs(NH 2 ) 2 , on putrefaction. A. Loewy and Neuberg ' have shown that orni- 
thine is split into putrescine and CO 2 in the organism of cystinuria patients. 

Ornithine is a non-crystalline substance which dissolves in water, giving an 
alkaline reaction, and yields several crystalline salts. It is precipitated by 
phosphotungstic acid and several metallic salts, but not by silver nitrate and 
baryta-water (differing from arginine ) . Ornithine hydrochloride is dextrorotatory ; 
the synthetically prepared is inactive. On shaking ornithine with benzoyl chloride 
and caustic soda it is converted into dibenzoylornithine (ornithuric acid). On 
splitting artificially prepared racemic ornithuric acid Sorensen has shown that 
the naturally occurring ornithuric acid is identical with the dextrorotatory a-d- 
dibenzoyldiaminovalerianic acid. 

Diaminoacetic add, C 2 HfiN 202 =CH(NH 2 ) 2 C 00 H, was obtained by Drechsel® 
as a cleavage product of casein by boiling with tin and hydrochloric acid. It 


^ Schulze and Steiger, Zeitschr. f. physiol. Chem., 11; Schulze and Castoro, ibid,, 41; 
Gulewitseh, ibid., SO; Hedin, ibid., 20 and 21; Kossel and Kutscher, ibid,, 22, 25, 26; 
Kossel and Dakin, ibid., 41. 

=^Ber. d. d. chem. Geseilsch., 32, and Zeitschr. f, physiol Chem., 34. 

® Zeitschr. f. physiol. Chem., 37 and 44. 

^ Hofmeister's Beitrage, 7. 

® Ber. d. d, chem. Geseilsch., 10 and 11. 

® Fischer, ibid,, 34; Sdrensen, Zeitschr. f. physiol Chem., 44. , ''' ^ 

’ teliinger, Zeitschr. f. physiol, Chem., 29; Loewy and Neuberg, ibid., 43. 

.®Ber.,d. si-chs. Ges. d. Wissenseh... 44. 
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erjT’stallizes in prisms and gives a monobenzpyl compound wliicli is not very soluble 
in" cold water and is nearly insoluble' in alcohol, ■ and can be used in the isolation 
of the acid. 

■■ ■ ''cHaCNHaj, 

‘ . - fCB[9)‘^ 

; Lysine (oi-e-diaminocaproic. acid), C6Hi4N202= 

COOIi. 

obtained by Drechsel as^a cleavage product of casein. Later lie and. Iiis 
pupils, as well as Kossel and others, found it among the cleavage produvis 
of various proteins. It has not been detected in some vegetable pro- 
teins such as zein and gluten-protein. E. Schulze found l 3 ^sine ii! ger- 
minating plants of the Lupinus luteus, and Winterstein loiind if: in ripe 
cheese. It has been obtained in largest amounts (28.8 per cent) bv Ivossi::. 
and Dakin ^ from the protamine a-cyprinine. 

Lysine has been synthetically prepared by E. Fischer and Weigkht.- 
This l 3 ^si.ne was inactive, while that prepared from protem is always o[)tic- 
ally active and dextrorotatory. On heating with barium hydrate it i-'. 
converted into the inactive modification. According to Ellinger*^ lysine 
3 delds cadaverine (pentamethylenediamine), C 5 Hio(NH 2 ) 2 » putrefaction, 
and this base is formed from the lysine in the organism of those with cysti- 
nuria and at the same time CO 2 is split off (A. Loewy and NEUBEiic), 

L}Esine is readih?' soluble in water but is not crystalline. The aquoiais 
solution is precipitated by phosphotungstic acid but not silver nitrate 
and baryta-water (differing from arginine and histidine). It gives two 
hydrochlorides with hydrochloric acid, and with platinum ehloriile a 
chloroplatinate which is precipitable by alcohol and has the coni|)o- 
sition CGHi4N202.H2PtCl6 4 -C 2 H 50 H. It gives two silver salts with 
AgNOs; one has the formula AgN 03 +C 6 Hi 4 N 202 and the other AgXO:i h 
C 6 Hi 4 No 02 .HN 03 . With benzoyl chloride and alkali, hvsinc forms an acid, 
hjsuric acid, C 6 Hi 2 (C 7 H 50 ) 2 N 202 (Drechsel), which is homologous with 
ornithiiric acid and whose difficultly soluble acid barium salt may Ik? useai 
in the separation of lysine.^ The rather insoluble picnite, wliich is ]>re- 
cipitated from a not too dilute solution of the hydrochloride by sodium 
picrate, may also be used in the detection of lysine. 


^ Drechsel, Arch, f, (Anat. u.) Physiol., 1891, and Bor. d. d. chein. (Josc^lLsf'h., 2:>; 
Siegfried, Arch. f. (Anat. u.) Phj’-siol., 1891, and Ber. d. d. chem. Gese]ls<‘h., 24; 
Zeitschr. f. physiol Chem., 21; Kossel 25; Kossel and l\Iafhc‘ws, 25; 
Kossei and Kutscher, ibid,, 31; Kutscher, ibid,, 29; Schulze, ibid,, 28; 
cited in Schulze and Winterstein, Ergebnisse der Physiologic, I, Abt. 1, 1902; KohscI 
and Dakin, Zeitschr. f. physiol. Chem,, 40. 

^Zeitschr. f. physiol Chem., .20, \ ' 

^ Drechsel. Ber. ^d, d‘. vheih, 'Gesellsch., 28; see also C, Wllldcnow, Zdtsdin t 
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Kiitscher and Lohmann ^ 'iiave lornid a ■ lysine , having somewhat' different 
pix>p'ertiesdii the final products of pancreas autolysis. ' v, ' 

Xysatine or hysatinine. ^ The formula .of .-.'this substance' 'is either CoH or 
CJIiiNsO +H 2 (). In the first ease this base would appear to be a liomcdogue of 
creatine, CJditNaOs, and in the other case a homologue of creatinine, C 4 H 7 X 3 O, and 
this is the reason why this body is called iysatine as well as lysatinine. It is still 
a €|uestic)n whether Iysatine is a chemical individual or, as He din suggests, only 
'a .mixture of lysine and arginine.^ 

'..Histidine, C 6 HQN 3 O 2 , is perhaps "not' a cliamino-aeid, '.as Fraxkel'^ 
■first showed, but, according to the investigations of H. Pauly, Kxoop 

CH— 

and WiNDAUs,'^ is an a(?)-aminO“/9“imidazoIpropionic acid, CH 2 

CHNH 2 

COOH 

Frank EL ^ has made several objections to Pauly, Knoop and Windaus^s 
view’ that histidine is an imidazol derivate, wvhich seem to be well founded, 
therefore the question as to the constitution of histidine remains still an 
open one. i 

Histidine ^ w’as first discovered by Kossel in the cleavage products of 
sturine. It was then found by Hedin in the cleavage products of pro- 
teins by acid hydrolysis, and by Kutschbr among the products of tryptic 
digestion, and finally also as a cleavage product of different protein sub- 
stances. It does not occur in the protamines, with the exception of stiirine. 
Of the protein bodies globin (from horse-hsemoglobin) seems to be richest in 
histidine, as Abderhaldext found 10.96 per cent. It also occurs in germi- 
nating plants (E. Schulze 7). ■ 

Histidine crystallizes in coloidess needles and plates and is readily soluble 
in water, but less soluble in alcohol, and has an alkaline reaction. It 
is precipitated by phosphotungstic acid, but this precipitate is soluble 
in an excess of the precipitant (Frankel). With silver nitrate alone the 
aqueous solution is not precipitated; on the careful addition of ammonia 
or baryta-w-ater an amorphous precipitate, which is readily soluble in 
an excess of ammonia, is obtained. Histidine can be precipitated by mer- 

^ Zeitschr. f. physiol. Chem„ 41. 

® Hedin, 21; Siegfried, ibid,, 35. 

Sitiiungsber. Wien. Akad., 112, 11, &, 1903. 

^ Pauly, Zeitschr. f. physiol. Chem., 42; Knoop and Windaus, HofmeistePs Bei- 
triigo, 7» ' 

HofmektePs Beitrage, . 8 , 

® As histidine is always obtained ■with the diamino-acids it is called a hexone base, 
hence it will be treated here with the diamino-adds, . - . 

^ d Kossel, Zehschr. f. physiol. Chem.,, 22; Hedin, iMd,, Kutscher, 25;* Wetzel,' 
'ibid,, 26; L*awrow,_ ibid.y 28, and Ber;ck:d.- chem, Oesells'ch;, 84; Kossel'and Kutecher, 
Zeitschr. f, physiol. Chem., 81;' 88 ; Abderhalden, 87; Sehdlise, 

21 ana--2S*- ,y,' 'F ' TV.'.'- ' -'7 ^ v'’’:''-'' 
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curie chloride, or,; still better, -by the. sulphate acidified with sulphuric acidj. 
and can in this way be separated from the diamino-acids as well as from 
the monamino-acids (Kossel and Patten). The hydrochloride crystal- 
lizes in beautiful plates (Bauer), dissolves rather readily in water, but is 
insoluble in alcohol and ether. With hydrochloric acid and methyl alcohol 
it gives the dihydrochloride of histidine methyl ester, which melts at 196'^, 
Histidine is levorotatory, while its solution in hydrochloric acid is dextro- 
rotatory, On warming it gives the biuret test (Herzog ^), and it also gives 
Weidel^s reaction if performed as suggested by Fischer (see Xanthine, 
Chapter V) (Frankel). It gives a very beautiful diazo-reaction with 
diazobenzenesulphonic acid in solutions made alkaline with sodium carbon- 
ate, which according to Pauly is deep cherry-red in dilutions of 1:20 000 
and still markedly red in 1:100 000 (tyrosine gives a similar reaction). 


.S- to 


K, fS 
til 


illiiiliil 


In the preparation of the above bases we can first precipitate all tlie 
bases by phosphotungstic acid, when the monamino-acids remain in solu- 
tion. The precipitate is decomposed in boiling water by barium hydrate 
and the bases obtained as silver compounds from this filtrate. In regard 
to further details we must refer to the works of Drechsel and Hedin 
already cited. Kossel and Kutscher and recently Winterstein ^ have 
suggested a method of separating histidine and arginine as silver compounds 
from lysine, and Kossel and Patten have proposed a method of separating 
histidine from arginine by means of mercuric sulphate. 


We give below a tabulation of the amounts of the three hexone bases 
found in certain protein substances (in weight per cent): 


Arginine 

Sturine® 58.2 

Cyprinine 4.9 

Other protamines ® 62 . 5—87 . 4 

Histones * 14 . 36 — 15.52 

Casein * 4 . 70-— 4 . 84 

Syntonin (from meat)** 5.06 

Heterosyntonose * 8.53 

Protosyntonose * 4.55 

Edestin ® 11.0—14.07 

Proteid from coniferae seeds * 10,9 — 11.3 

Gluten casein ® 4.4 

Gluten proteins ^ 2 . 75 — 3 .13 

Gelatine ® and * 7.62 — 9.3 

Eiastin ® 0.3 


Lysine 

12.0 

28.8’ 

0.0 

7.7— 8.3 
1.92—5.80 
3.26 

3.08—7.03 

3.08 

1.3 

0.25—0.79 

2.15 

0.0 

2.49—6.0 

+ 


Histidine 

12.9 

0.0 

0.0 

1.21—2.34 

2.53—2.59 

2.66 

0.37—1.12 

3.35 

1.17 

0.62-0.78 

1.16 

0.43—1.53 

0.40 

0.027 


^Kossel and Patten, Zeitschr. f. physiol, Chem,, 38; Bauer, ibid 22* ilerzof^ 
ibid,, 37, , ^ fof 

^ Kossel and Kutscher, ibid,, 31; Winterstein, ibid,, 45; Kossel and Patten, 1. c, 

* Kossel and Kutscher, Zeitschr, f. physiol, Chem,, 31, 

**Hart, ibid,, 33, 

‘Schulze and Winterstein, ibid., 33; see also Kossel, Ber. d. d. chem. GeseUsch 
34,3236. " 

•Kossel and Kutscher, 25eitschr. f, physiol. Chem., 25, and Richards and Gies. 

Amer, Joum, of Physiol., 7. ; * 

* Kossel and Bakin, Zeitschr, f, physiol Chem., 40. 
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Oxydiamino-acids. 

,, Oxydiaminosebacic acidf has been isolated as a copper, salt 'by 

Wohlgemuth ^ from a nucleoproteid of the liver. The free acid was obtained 
as small white plates. It is soluble with difficulty in hot water, insoluble in cold 
water and in alcohol. It was optically inactive in hydrochloric acid. The 
beautifully crystalline phenylcyanate compound had a melting-point of 206®. 

Dioxydiaminosuberic acid j CgHieNgOg, has been obtained by Skeaup ® on the 
hydrolysis of casein with hydrochloric acid. The copper salt crystaUi 2 ses in beauti- 
ful deep bluish-violet rosettes which are composed of long, irregular, right- 
angled plates. It is quite soluble in cold water. The free acid crystallizes in 
fern-like formations. Besides this acid Skbaup obtained two other acids which 
he calls msmmc acid, C 0 Hi 6 N 2 O 7 , and caseinic add, C 12 H 24 N 2 O 5 . The caseanic acid 
crystallizes, melts at 190-191°, is tribasic, and is probably an oxydiamino-acid. 
The caseinic acid is dibasic and occurs in two modifications. The one which 
melts at 228° is faintly dextrorotatory; the other modification melts at 245° 
and is optically inactive. Both crystallize, but the inactive form does not yield 
well-defined crystals. Caseinic acid seems also to be an oxydiamino-acid. 

Diaminotrioxydodecanoic acid, C 12 H 26 N 2 O 5 , is an acid obtained by Fischeb and 
Abderhalden ^ on the hydrolysis of casein and seems to stand close to Skeaup% 
caseinic acid, but differs from it in its optical properties. This acid is faintly 
levorotatory : (a)D = about —9°. It crystallizes in plates, which grow into rosettes 
or spherical aggregations. It has a faint bitter taste, gives a crystalline hydro- 
chloride which is slightly soluble in strong hydrocliloric acid, and gives a 
crystalline copper salt. 

3. Pyrrol and Indol Derivatives. 

a-Pyrrolidine-carboxylic acid, abbreviated to a:-Prolme, C5HQNO2, 

CH2-CH2 

I I 

CH2 CH.COOH, 


was prepared by E. Fischer as a cleavage product from casein (3.2 per 
cent) and ovalbumin (1.55 per cent), and by him and his collaborators in 
the tryptic digestion of casein, and as a cleavage product of haemoglobin 
(1.46 per cent), gelatine (5.2 per cent), horn substance (3.60 per cent), and 
from silk fibroin.^ The acid thus obtained was generally the levorotatory 
modification. Kossel and Dakin ^ obtained 11 per cent a-proline from 
salmine, while Abderhalden and his co-workers® obtained 2.25 per cent 
from ovalbumin, 1.46 from thymus histone, 1.74 from elastin, and 3.4-3.5 
per cent from keratin substances. oj-Proline also occurs in scombrine 


^Ber. d. d. chem. Gesellsch., 37, and Zeitschr. £. physiol Chem., 44, 

^ Zeitschr. f. physiol Chem., 42. 

UbM. ^ . ’ ' • ■ ■ 

* Fischer, ibid,, 33 and 35. See also foot-note 1, p. 84. , . , 

* Zeitschr. f. physiol Chem., 41* ' - ^ , ' ' ■ ' 

* Abderhalden and Pregl, ibid., 46;. with Rpna, ibid., 41; with gchittenhelm, ibid., 

41; wi& Wells and^Le Cbuut, 46.' ’ . * ' _ ' ^ \ , , " ■ ' ' 
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and clupeiiie, but not in st urine, which according to Kosskt. tu 

contradict the view as to the common origin of ornithine and a'~prolin(\ 

Sorensen ^ by means of a general method of preparing a-aniino~acids 
synthetically has prepared n:'*‘amino- 0 “Oxyvalerianic acid from phtluiiirnid(‘- 
malonic ester and has obtained of-proline from this by evaporating with 
hydrochloric acid, at the same time splitting off water. 

This acid is readily soluble in water and alcohol and crystallizes in flat 
needles which melt at 203-“206^ C. with an odor of pyrrolidine. The solu- 
tion acidified with sulphuric acid is precipitated by phosphotimgstic acid. 


- In the detection of this acid we make use of the copper salt, the anhy- 
dride of the phenylisocyanate compound (melting-point 144®), nnd the 
picrate (Alexandroff ^). The inactive acid and its compounds show some- 
what varying properties. In regard to the detection of this acid w'e refer 
■■■ ,t0.p.:9l. 

. In the . hydrolysis of gelatine and casein E. Fischer^ obtained an amino- 
acid having the formula CsHgNOg, w^hich on reduction yielded a-p 3 ’rrolidine-(*.arbo- 
xylic acid, and which according to Fischer is an oxypyrrolidine-a-carboxylic 
acid. Lexjchs has synthetically prepared tw’o similar, inactive acids. ; 

Indolaminopropionic acid (tryptophane, proteinochromogen),CiiH[i2N202, ■ 

C.CH 2 .CH(NH 2 )C 0 bH C.CFI(NH 2 ).CH 2 ,Co 6 h 

CeHi/^CH or C6H4<(^CH 

NH NH 

is one of the cleavage products of the proteins formed in tryptic digestion 
and other deep decompositions of the proteins, such as putrefaction, cleavage 
with baryta-water or sulphuric acid. It gives a reddish-violet product with 
chlorine or bromine which is called proteinochrome, Nencki ^ considered 
tryptophane, which name is generally given to this acid, as the mother- 
substance of various animal pigments. 

Tryptophane was first prepared in a pure form by Hopkinb and Cole,^ 
and they considered it as skatolaminoacetic acid. After Ellinger^ showed 
that skatolearbonic acid (Salkowski) and skatolacetie acid (Nencki) 
w^ere indolacetic acid and indolpropionic acid respectively, we have con- 
sidered tryptophane as indolaminopropionic acid, 

^ Zeitschr, f. physiol, Chem., 44. 

^ In regard to the preparation of the phenylisocyanate compounds of the amino- 
acids, see Paai, Ber. d. d. chem. Gesellsch., 27; Mouneyrat, ihid.^ S3, and Hoppe- 
Seyier-Thierfelder\s Handbuch, 7. Aufi.; Alexandroff, Zeitsehr, 1 physiol. Chem., 46. 

^ Ber. d. d. chem. Gesellsch.,.*!^ and 36. ’ ' . . ^ 

, HhU., 38 . ' ■ ■ ' ' , ' ':A 

s In regard to trytophane, see Stadelmann, Zeitschr. f. Biologic, 26; Neuzneister, 
26; Nencki, Ber. d. d. chem. Gesellsch., r2S;. Beitler, ibU., 31; Kumjeff, Zeltschr. 
f. physiol Chem.,' 26; King,, Pfliiger’s Arch,, sk* . 

®Joum. of Physiol, 27* ,■ 

^ Ber. d. d* chem. .Geselkch.., 37 -and 38. b ■ ^ - 
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Tryptophane crystallizes in shining plates which are readily soliible in hot 
water, less soluble in cold water and in alcohol. On heating sufficientiy, 
it yields indol and skatoL It gives the An amkiewicz-Hopkins reaction 
and a rose-red coloration on the addition of bromine-water (tryptophane 
reaction) . If a pine stick moistened with hydrochloric acid and then washed 
off be introduced into a concentrated tryptophane solution, it becomes 
purple-colored on drying (pyrrol reaction). Tryptophane, as Hopkins and 
Cole ^ showed later, yields skatolacetic acid (indolpropionic acid) on anae- 
robic putrefaction, and skatolcarbonic acid (indolacetic acid), skatol, and 
indol on aerobic putrefaction. 

In regard to the somewhat complicated method of preparation we must 
refer to the original work of Hopkins and Cole. 

Skatosine, CioHioNaOa, is a base first obtained by Baum in the pancreas auto- 
digestion and later studied by Swain. It develops an indol- or skatol-like odor 
on fusing with potassium hydrate. Langstein ^ obtained a substance, which is 
perhaps identical with skatosine, in the very lengthy peptic digestion of blood 
proteid.' ' ■ 

The putrefactive products of the proteins will be in part treated in 
Chapter IX (intestinal putrefaction) and in part in Chapter XV (putre- 
factive products in the urine). 


^ Journ. of Physiol., 29; see also Ellinger and Gentzen, Hofmeister’s Beitrage, 4. 
^ Baum, Hofmeister^s Beitrage, B; Swain, Langstein, see Hofmeister, liber 

Bau und Gruppierung der Eiweisskorper, in Ergebnisse der Physiologie, I, Abt. 1, 1902* 
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THE CARBOHYDRATES 

We designate by this name bodies which are especially abundant 
in the plant kingdom. As the protein bodies form the chief portion of 
the solids in animal tissues, so the carbohydrates form the chief portion 
of the dry substance of the plant structure. They occur in the animal 
kingdom only in proportionately small quantities, either free or in com- 
binations with more complex molecules, forming compound proteids. 
Carbohydrates are of extraordinarily great importance as food for both 
man and animals. 

The carbohydrates contain only carbon, hydrogen, and oxygen. The 
last two elements occur; as a rule, in the same proportion as they do in 
water, namely, 2:1, and this is the reason why the name carboh 3 ^drates 
has been given to4hem. This name is not quite pertinent, if strictly con- 
sidered; because we not only have bodies, such as acetic acid and lactic 
acid, which are not carbohydrates and still have their oxygen and hydro- 
gen in the same proportion as in water, but we also have a sugar (rham- 
nose, CeHi 205 ) which has these two elements in another proportion. At 
one time it was thought possible to characterize as carbohydrates tlioso 
bodies which contained 6 atoms of carbon, or a multiple, in the molecule, 
but this is not considered tenable at the present time. We have true car- 
bohydrates containing less than 6, and also those containing 7, 8, and 9 
carbon atoms in the molecule. The carbohydrates have no properties or 
characteristics in general which differentiate them from other bodies; 
on the contrary, the various carbohydrates are in many cases very different 
in their external properties. Under these circumstances it is yery difiieult 
to give a positive definition for the carbohydrates. 

From a chemical standpoint we can say that all carbohydrates are 
aldehyde or ketone derivatives of polyhydric alcohols. The .simplest 
carbohydrates, the simple sugars, or monosaccharides, are either aldehyde 
or ketone derivatives of such alcohols, and the more complex carbohydrates 
seem to be derived from these by the formation of anhydrides. It is a 
fact that the moi^e complex carbohydrates yield two or even more molecules 
of the simple sugars when made to undergo hydrolytic splitting. 

-''V'' ' ■ : '' " ■ ' ' ' ' 104" ' '' 
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The carbohydrates are generally divided into three chief groups, namely, 
monosaceharides^ disaccharides j md polysaccharides. 

Our knowledge of the carbohydrates and their structural relationships 
has been very much extended by the pioneering investigations of Kiliani ^ 
and especially those of E. Fischer.^ 

As the carbohydrates occur chiefly in the plant kingdom it is naturally 
not the place here to give a complete discussion of the numerous carbo- 
hydrates known up to the present time. According to the plan of this 
work it is only possible to give a short re^dew of those carbohydrates which 
occur in the animal kingdom or are of special importance as food for man 
.and animals,' 

Monosaccharides. 

All varieties of sugars, the monosaccharides as well as disaccharides, 
are characterized by the termination ^‘ose,^’ to which a root is added signi- 
fying their origin or other relations. According to the number of carbon 
atoms, or more correctly oxygen atoms, contained in the molecule the 
monosaccharides are divided into trioses, tetrosesi pentoses, hexoses, heptoses, 
and so on. 

All monosaccharides are either aldehydes or ketones of polyhydric 
alcohols. The former are termed aldoses and the latter ketoses. Ordinary 
dextrose is an aldose, while ordinary fruit sugar, (lewlose) is a ketose. The 
difference may be shown by the structural formulse of these t'wo varieties 
of sugar: 

I)extrose-CH2(OH).CH(OH).OH(OH).CH(OH).CH(OH).CHO; 

Le^allose-CH2(OH).CH(OH).CH(OH).CH(OH).CO.CH2(OH). 

A difference is also observed on oxidation. The aldoses can be con- 
verted into oxyacids having the same quantity of carbon, while the ketoses 
yield acids having less carbon. On mild oxidation the aldoses yield mono- 
basic oxyacids and dibasic acids on more energetic oxidation. Thus ordi- 
nary dextrose yields gluconic acid in the first case and saccharic acid in 
the second. 

Gluconic acid -CH2(OH).[CH(OH)]4.COOH; 

Saccharic acid - COOH.[CH(OH)|4 .COOH. 

The monobasic oxyacids are of the greatest importance in the artificial forma- 
tion of the monosaccharides. These acids, as lactones, can be converted into 


^ Ber. d. deutsch, chem. Geseilsch. 18 , 19 , and 20. , ' 

^ See E. F^sehe^^s lecture, Synthesen in der Zuckergruppe, Ber. d, deotsch. chem, 
Gesellseh., 23, 2114. Excellent works on carbohydrates are Tollens' Kurzes Hand- 
buch der Iiohlehydrate, Breslau, 2, 1895, and 1, 2. Aufiage, 1898, which gives a 
complete review of the literature, and E. 0. v. Lippmaim, Die Chemie der Zucker- 
arten, Braunschweig, 1904. 
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tlieir respective aldehydes (corresponding to Tfc sugars) by action of nascent 
hydrogen. On the other hand, they .may be transformed into stereoisomcric 
acids on heating with quinoline, pyridine, etc., and the stereoisomenc sugars may 
be obtaihed from these by reductioii. 

Numerous isomers occur among the monosaccharides, and especially in 
the hexose group. In certain cases,, as for instance in glucose and knailose, 
we are dealing with a different constitution (aldoses and ketoses), but in 
■inost eases ■: we., have "stereoisomerism due, to the presence of asymmetric, 
carbon atoms. 

The monosaccharides are converted into the correspoiKling poly hydric 
alcohols by nascent hydrogen. Thus aeabinose, which is a pentose, 
CsHioOs, is transformed into the pentatomic alcohol, arabite., 

The three hexoses, dextrose; BE vuLGSE, and galactose, C6H12O6, are 
transformed into the corresponding three hexites, . sorbite, mannite, and 
dulcite, C6H14O6. In these reductions a second isomeric alcohol is also 
obtained; in the reduction of levulose we obtain besides mannite also 
sorbite. Inversely, the corresponding sugars may be prepared from 
polyhydrie alcohols by careful oxidation. 

Like the ordinary aldehydes and ketones, the sugars may be, made to 
take up hydrocyanic acid. Cyanhydrins are thus formed. These addition 
products are of special interest in that they make possible the artificial prepara- 
tion of sugars rich in carbon from sugars poor in carbon. 

As an example, if we start from dextrose we obtain glucocyanhydrin on the i 
addition of hydrocyanic acid: 

CH2.(OH).[CH(OH)k.COH+HCN-CH2(OH).[CH(OH)k.CH(OH).CX. 

On the saponification of glucocyanhydrm the corresponding oxyacid is formed : 

CH,(OH).[CH(OH)b.CH(OH).CN ^ 2 K ,0 

-CH 2 ( 0 H).[CH( 0 H)],.CH(PH).C 00 H + Nil,. 

By the action of nascent hydrogen on the lactone of this acid we obtain gluco- 
heptose, C7Hi407. 

The monosaccharides give the corresponding oximes with hydroxylamine : 
thus glucose yields giucosoxime, CH2(0H).[CH(0H)]4.CH:N.0H.'’ These com- 
pounds are of importance on account of the fact, as found by Woul,^ that 
they are the starting-point in the formation of one class of sugars from another 
class, namely, the preparation of sugars poor in carbon from those rich in carbon. 

The monosaccharides are strong reducing bodies, similar to the alde- 
hydes. They reduce metallic silver from ammoniacal silver solutions, and 
also several metallic oxides, such as copper, bismuth, and mercury oxides, 
on warming their alkaline solutions. This property is of the greatest 
importance in their detection and quantitative estimation. 

. With phenylhydrazine or substituted, phenylhydrazines, the sugars fimt 
yield hydrazones with the elimination of water, and then on the further 
action of hydrazine on warming in an acetic-acid solut ion we obtain osazojics. 

/ : , . . . ^ Ber. d. d. chem. Gesellsch,, 26 . p. 7S0.' 
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Tho reaction takes place as follows: 

(a) f:iR(OfI.).[CH(OH)]3.CH(OH).CHO + H,N.NH.C„lL 

, = CHj(OH).[CH(OH )]s,CH (OH )CH : N.NH.C A + H,0. 

Phenylglucosehydrasiofie, 

(&) CH,(0H)[CH(0H)],.CH(0H).CH:N.NH.CA+H,N.NH.CA 
= CH,(0H).[CH(0H)],.C.CH:N.NH.C,H., 

N.NH.CA + H,0 + H,. 

Phenylglueosajjone. 

Tiio Iiydrogeii is not evolved, but acts on a second molecule of phenyihy- 
draziue and splits it into aniline and ammonia: 

The osazones are generally yellow crystalline compounds which differ 
from each other in melting-point, solubility, and optical properties, and 
hence have been of great importance in the characterization of certain, 
sugars. They have also become of extraordinarily great interest in the, 
study of the carbohydrates for other reasons. Thus they are a very good 
means of precipitating sugars from solution in wdiich they occur mixed, 
with other bodies, and they are of the greatest importance in the artificial, 
preparation of sugars. On cleavage, by the brief action of gentle heat 
and fuming hydrochloric acid (for disaccharides still better with benzalde- 
hyde) ^ the osazones 3 deld so-called osones, which on reduction yield aldoses 
or more often ketoses. 

We can also pass from the osazones to the corresponding sugars 
(ketoses) in other w’ays, namely, by direct reduction of the osazones with 
acetic acid and zinc dust. The corresponding osamine is first formed 
(from phenylgiucosazone we obtain isoglucosamine), w-hich on treatment 
with nitrous acid yields the sugar (in this case le\ailose). 

The sugars can be prepared from the h 3 ^drazones by decomposition 
with benzaldehyde (Herzfeld) or with formaldehyde (Ruff and Ollen- 
dorff*^). This latter method is especially applicable if substituted hydra- 
zines, especially benzyiphenylhydrazine, are used. 

With ammonia the glucoses may form compounds w4ich have been 
considered as osamines by Lorry de Bruyn, but to differentiate them from 
the true osamines have been called osimines by E. Fischer.**^ The corre- 
sponding osaminic acid can be obtained from such an osimine by the action 
of ammonia and hydrocyanic aeid^ and from the hydrochloric-acid lactone 
of this acid the osamine is obtained by reduction with sodium amalgam. 
In this manner E. Fischer and Leuchs artificially prepared 6^-glucosa- 
mine, w^hich occurs in the animal kingdom and is an isomer of the above- 


Fischer'. and. Armstrong, ,Ber, d. d. Gesellsch., 

^Herzfeld, 28; Enff and Ollendorff, ^ y v' ■' 

® I^biy de Briiyn, ,28; E. Fischer,^. ’ 
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mentioned isoglucosamine, by starting from d-arabinose, then obtaining 
d-arabinosimine, then d-glueosaminic acid, and finally the glucosamine 
from the lactone of this acid. Theyi also have prepared Z-glucosamine 
from Z-arabinose in a similar manner. 

Knoop and Windaxjs ^ have obtained large amounts of methylimidazol, 
CHs 


C — NH\ , from glucose by 


CH— N 


>H 


tlie action of ammonium-zinc hydroxide 


at ordinaiy temperatures. A genetic relationship of the carbohydrates to 
histidine and the purine bodies is thus made probable by the imidazol for- 
mation. 

By the action of hydrochloric acid upon alcoholic sugar solutions E* 
Fischek and his pupils have obtained ether-lilce compounds which have 
been called ghicosides. Compomids with aromatic groups similar to the 
glucosides occur widely distributed in the vegetable kingdom. The more 
complex carbohydrates may be considered, according to Fischer, as 
glucosides of the sugars. Thus maltose, for example, > is the glucoside 
and lactose the galactoside of dextrose. 

By the action of alkalies, even in small amounts, as also of alkaline 
earths and lead hydroxide, a reciprocal transformation of the sugars, such 
as dextrose, levulose, and mannose, may take place (Lobby db Bruyn and 
Alberda VAN Ekenstein ^). 

Four other sugars, among them two ketoses, are produced by the action of 
potash or soda on each of the three sugars, dextrose, levulose, and galactose. 
For example, from dextrose two ketoses, levulose and pseudolevulose, are pro- 
duced, also mannose and a non-fermentable sugar, glutose. From galactose 
are formed talose and galtose, besides two ketoses, tagatose and pseudotagatose. 

The transformation of the different varieties of sugar into each other 
also occurs in the animal body. Neuberg and Mayer have shown l)y 
experiments on rabbits the partial transformation of various mannoses into 
the corresponding glucoses- 

The monosaccharides are colorless and odorless bodies, neutral in re- 
action, with a sweet taste, readily soluble in water, generally solu})le with 
difficulty in absolute alcohol, and insoluble in ether. Some of them crys- 
tallize well in the pure state. They are optically active, some levorotatory 
and others dextrorotatory; but there are also optically inactive modi- 


' Ber. d. d. ehem. Gesellsch., 35, p. 3787, and 36, p. 24. 

, A 38, and Hofmeister's Beitr%e, 6. 

5 Ber. d. d. chem. Gesellsch., 2S, 3078; Bull. soc. chim. de Paris (3), 15; Chem. 

CentralbL, 1896, 2, and 1897, 2. . 

^Zeitschr. f. physiol Chem., 37. 
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fications (racemic), which are formed from two optically opposed compo- 
nents.' 

We designate the optical activity of the carbohydrates with the letter 
V for levogyrate, d- for dextrogyrate, and for inactive. These are only 
partly indicative. Thus dextrorotatory glucose is designated d-glucose, 
levorotatory Z-glucose, and the inactive i-glucose. Emil Fischer has used 
these signs in another sense. He designates by these signs the mutual 
relationship of the various kinds of sugars instead of their optical activity. 
For example, he does not designate the ievorotator}?- lewlose Z-levulose, 
but d-le'vnilose, showing its close relation to dextrorotatory d-glucose. 
This designation is generally accepted, and the above-mentioned signs only 
show the optical properties in certain cases. 


Specific rotation means the rotation in degrees produced by 1 gri, substance 
dissolved in 1 c.c. liquid placed in a tube 1 dcm. long. The reading is ordinarily 
made at 20° C. and with the monochromatic sodium light. The specific rotation 
with this light is represented by (a)©, and is expressed by the following formula: 

(a)D== in which a represents the reading of degrees, 1 the length of the 

p.l 

tube in decimetres, and p the weight of substance in 1 c.c. of the liquid. In- 
versely the per cent P of substance can be calculated, when the specific rotation 

is known, by the formula in which $ represents the known specific 

s.i ■■■■■■■■ ■ 

rotation. 

A freshly prepared sugar solution often shows a different rotation from one 
which has been allowed to stand for some time. • If the rotation gradually 
diminishes, this is called birotation, while a gradual increase in the rotation is 
called half-rotation. 


I. 


Many monosaccharides, but not all, ferment with yeast, and it has been 
showTi that only those varieties of sugar containing 3, 6, or 9 atoms of 
carbon in the molecule are fermentable with yeast. We must state, how- 
ever, that the power of fermentation with pure yeast has been shown only 
for the hexose group, and in fact all of the hexoses do not ferment. The 
restriction of fermentation to only certain monosaccharides is, accord- 
ing to E. Fischer, like the action of the inverting enzymes upon disac- 
eliarides and glucosides, dependent upon the stereometric configuration of 
the sugars (see Chapter I). This difference in configuration is important 
not only for the action of lower living organisms upon the sugars, but 
also upon the behavior of the sugars within more highly developed organ- 
isms. Thus the investigations of Neuberg and Wohlgemuth ^ upon ara- 
binose and of Neuberg and Mayer ^ on mannoses have shown that in 
rabbits the Z-arabinose and the d-mannose are much better utilized than d* 
and Z-arabinose or Z- and ^-mannose, and they have also shown that the 
lower organisms have the tendency toward decomposing inactive sub- 


^ Zeitschr. f, physiol. Ghera., 35. 


UhU., 37 .:/' 
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stances into their optically active components to a ihuch Mglieivdegr^^^^ 
than the higher organisms. 

By the action of lower organisms of various kinds the sugars may be 
made to undergo fermentations of different kinds, such as lactic-'acid and 
butyric-acid fermentation and mucilaginous fermentation. 

The simple varieties of sugar occur in part in nature as such, already 
formed, which is the case with both of the very important sugars, dextrose 
and levuiose. They also occur in great abundance in nature as rnore 
complex carbohydrates (di- and polysaccharides); also as ester-like coiii- 
binations with different substances, as so-called glucosides. 

Among the groups of monosaccharides known at the present time, those 
containing less than five and more than six carbon atoms in the molecule 
have no great importance in biochemistry, although they are of high scien- 
tific interest. Of the other two grouj)s the hexoses are of the greatest 
importance, hence in the past only those carbohydrates with six carbon 
atoms were considered as true carbohydrates. As the pentoses have been 
the subject of numerous biochemical investigations of late, they will also 
be discussed in, brief . 

Pentoses (CsHioOs). 

As a rule the pentoses do not occur as such in nature, but are formed in 
the hydrolytic splitting of several more complex carbohydrates, the so- 
called pentosaneSj especially on boiling gums with dilute mineral acids. 
The pentosanes exist very widely distributed in the plant kingdom and are 
especially of great importance in the building up of certain plant con- 
stituents. The pentoses were first found by Salkow’^ski and Jasthowitz 
in the animal kingdom in the urine of a person addicted to the morphine 
habit, and later by Salkow^ski and others in normal human urine. Small 
quantities of pentoses have been detected by Kulz and Vogel ^ in the 
urine of diabetics, as also in dogs with pancreas diabetes or phloiiiizin 
diabetes. Pentose has also been found by Hammarsten amongst, the 
cleavage products of a nucleoproteid obtained from the pancreas, and 
seems also, according to the observations of Blumbnthal, to be a constit- 
uent of nucleoproteids of various organs, such as the thymus, thyroid, 
brain, spleen, and liver. In regard to the quantity of pentoses found in 
the various organs, we must refer to the works of Grund and of Bendix 
and Ebstein.2 

^ Salkowski and Jastrowitz'. Centralbi; i. d, med. Wissensch,^ 1892, 337 and rm; 
Salkowski, Berk Min. Wochenschr.i 1895^ Bial Zeiischr. 1. Min! Med,. 39; Bial and 
Blumenthal, Deutsch, med.' Woehensehr.,. 1901,, No. 2; Kiilz and Vogel; Zeitsdir. f. 
Biologie 32.,. , ■ • ’ ' 

' ' ^ Hammarsteii Zeitsehr f. physiol. 'Chem., 19; 'also Salkowski. Berl kiln. Woch<?n- 

schrr; lS95;‘'B!umenthar;Zeitschrrf.ldm^^^ 34; 0mnd, Zeitschr. f. physiol Chom., 
35; Bendix and* 'E'bstem, Zeitschr. aligettjfeiyr PlDtysidlY 2. 
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The pentosanes (Stone, Slowtzoff) as well as the pentoses are of the 
greatest importance as foods for herbivorous animals. In regard to the 
value of the pentoses, the researches of Salkowski, Chemer, Neuberg, 
and Wohlgemuth 1 upon rabbits and hens show that these animals can 
utilize the pentoses. The question whether the pentoses are active as 
glycogen-formers is still an open one (see Chapter VIII). The pentoses 
seem to be absorbed by human beings and in part utilized, but they pass 
in part into the urine even when small quantities are taken.^ 

The natural pentoses are reducing aldoses, and as a rule do not belong 
to the sugars fermentable with yeast. Still, the observations of Salkowski, 
Bexdix, Schoxe and Tollens seem to indicate that the pentoses are 
fermentable.'^ They are readily decomposed by putrefaction bacteria. 
With phenylhydrazine and acetic acid they give crystalline osazones which 
are soluble in hot water and whose melting-points and optical behavior are 
important for the detection of the pentoses. On heating with hydrochloric 
acid they yield furfurol, but no levulinic acid. The furfurol passing over 
on distilling with hydrochloric acid can be detected by the aid of aniline- 
acetate paper, which is colored beautifully red by furfurol. In the quan- 
titative estimation we can use the method suggested b}^ Tollens, which 
consists of converting the furfurol in the distillate into phloroglucide by 
means of phloroglucin and weighing (see Tollens and Krober, Grund, 
Bendix and Ebstein).-^ These methods are still not quite accurate, to 
say nothing of the fact that glucuronic-acid compounds also yield furfurol 
under the same conditions. The two following pentose reactions, as sug- 
gested by Tollens, are especially applicable. 

The orcin-hydrochloric acid test, ^lix with the solution or the sub- 
stance introduced into w^ater an equal volume of concentrated hydrochloric 
acid, add some orcin in substance, and heat. In the presence of pentoses 
the solution becomes reddish blue, then bluish green, and on spectroscopic 
examination an absorption-band is observed between C and D. If it 
is cooled and shaken with amyl alcohol, a bluish-green solution which 
shows the same band is obtained. 

The phioroglttcin-hydrocMoric acid test. This test is performed in 
the same manner as the above, using phloroglucin instead of orcin. The 


^ Stone, Amer, Chem. Journ., 14 j Slowtzoff, Zeitsckr. f. pliysioL Chem., 84; SaP 
kowski, 1. c., Oentraibl.; Crerner, Zeitschr. f. Biologie,- 29 and 42; Neuberg and WohP 
gemufk, Zeitsclir. f. physiol. Chem., 38. . . - 

®-Boe Ebkein, Virchow’s Arch.-, 129; Tollens, Ber. d. deutsch. chem. Gesellsch., 29, 
1208; ’Greiner, 1. c.; Lindemann and May, Deutsch. Arch. f. Idin. Med., 56; Sal- 
kbwski, Zeitsohr. f. physiol. Chem.'. 30. ‘ • . ■ . 

^ Salkowski, Zeitschr. f, physiol. Chem., 30; Bendix, see Chem. CentralbL, 1900, 1; 
Sch5ne and Tollens. A 901, 1. >■' • 

Bendix and Ebstein, L which 'contains the literature- 1 .y''- ‘ .. 
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solution becomes cherry-red on heating and then becomes cloudy and hence 
a shaking out with amyl alcohol is very necessary. The red amyl-alcohol 
solution shows an absorption-band between B and E. The orcin test is 
better for several reasons than the phloroglucin test (Salkowski and 
Neubekg ^). In regard to the use of these tests in urine examination 
see Chapter XV. 

Many modifications of these tests have been suggested. Brat ^ performs 
the orcin reaction by the addition of NaCl and heating to only 90-95°. Bial ® 
uses a hydrochloric acid containing ferric chloride for the orcin test and ciaims 
to get a greater delicacy. On too strong and too long heating (l|-2 minutes),, 
when using this modification^ a confusion with sugars of the six carbon series may 
occur (Bial, van Leersum).'* According to R. Adler and O. Adler the pliio- 
roglucin and orcin tests can be made with glacial acetic acid and a few drops 
hydrochloric acid instead of with the hydrochloric acid alone. These investigators 
also use a mixture of equal volumes of aniline and glacial a etic acid as a reagent 
for pentoses. On the addition of a little pentose to the boiling mixture a beautiful 
red color of furfuroi-aniline acetate is obtained. A. Neumann ^ performs the 
orcin test with glacial acetic acid and adds concentrated sulphuric acid drop 
by drop. On following the exact instructions not only do the pentoses give 
this reaction, but also glucuronic acid, dextrose, and levulose give characteristic 
colored solutions with special absorption-bands which can be made use of in 
'identifying the various sugars. 

In performing the above two tests for pentose it must be borne in mind 
that glucuronic acid gives the same reactions and also that the colors 
alone are not sufficient. The spectroscopic examination must therefore 
never be omitted. Both tests are to be considered as tests of detection 
rather than definite pentose reactions, and therefore for a positive detection 
of pentoses we must prepare also the osazones or other compounds. 

Arabinoses. The pentose isolated by Neuberg^ from human urine 
is f-arabinose. It can be isolated from the urine as the diphenylhydrazone, 
from which the arabinose can be separated by splitting with formaldehyde. 
The ^’-arabinose is crystalline, has a sweetish taste, is optically inactive, 
and melts at ‘163-164° C. Its diphenylhydrazone, which, according to 
Neueero and Wohlgemuth,^ can be used in its quantitative estimation, 
melts at 206° C., is insoluble in cold water and alcohol, but readily soluble 
in pyridine. The osazone melts at 166-168° C. 

The dextrorotatory Z-arabinose is obtained by boiling gum arable or 
cherry gum with dilute sulphuric acid. The d-arabinose is prepared syn- 
thetically. The diphenylhydrazone of Z-arabinose has according to Neuberg 

^Saikowski, Zeitschr. f, physiol. Chem., 27; Neuberg, ibid,, ^1. 

* Zeitschr. f. Min. Med., 47. 

« Deutsch, med, Wochenschr., 1902 and 1903, and Zeitschr, f. Min. Med., 50. 

*Bial, Zeitschr. L klin, Med., 50; 'van Leersum, Hofmeisteris Beitrige, 5, 

R. and 0. Adler, Pfliigeris Arch,, 106; A. Keumann, Berl Min. Wochenschr . 
1904. 

®_B6r. d. d. chem. Gesellsch., S3* ’ - ' 

’ Zeitschr. f. physiol. Chem., S5. , ' . . 
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a melting-point of ,216-218® €>, while according to.TonLENS and .Mauren-' 
'bbecher'^ .its melting-point' is. 204-205®. ; ^ ' 

: : Xyloses.' The only pentose thus far' isolated: from the 'a tissues 
.is '7-xy lose/ obtained by Neu.berg from the pancreas • proteins, and is 
identical with the, xylose found widely distributed in the plant, kingdom 
and obtained from , wood-gum by boiling with ' dilute acids. „ Xylose is 
cjrystalline, , melts at 153-154® C.,. dissolves, very. readily. in .wate,r..but with 
difficulty in alcohol, is faintly dextrorotatory, (a)n= + and gives a 
phenyiosazohe which melts at 159-160® G., and according' to Tollens and 
MtiTHER^ a , diphenylhydraz,one. which- melts at, .107-108®.. ' Xylose can." 
be transformed into xylonic acid, CH20H(GH0H)3C00H, by bromine- 
water, and the bnicine salt of '.this 'acid is, according'to NE.UBEBG,„well suited., 
for the detection and isolation of xylose. 

Hexoses (C6H12O6). 

The most important and best-known simple sugars belong to this group, 
and most of the other bodies wdiieh have been considered as carbohydrates 
in the past are anhydrides of this group. Certain hexoses, such as dextrose 
and levulose, either occur in nature already formed or are produced by the 
hydrolytic splitting of other more complicated carbohi^^drates or glucosides. 
Others, such as mannose or galactose, are formed by the h3'droly tic cleavage 
of other natural products; while some, on the contrary, such as gulose, 
talose, and others, are obtained only by artificial means. 

Ail hexoses, as also their anhydrides, yield levulinic acid, CsHgOs, 
besides formic acid and humus substances on boiling with dilute mineral 
acids. Some of the hexoses are fermentable with yeast, while the artificially 
prepared hexoses are not, or at least only incompletely and with great 
difficulty. 

Some hexoses are aldoses, ^vhile others are ketoses. Belonging to the 
first group w^e have mannose, dextrose, gxjlose, galactose, and talose, 
and to the other levulose, and possibly also sorbinose. We differen- 
tiate also between the d, Z, and i modifications; for instance, d-, Z-, and 
^-dextrose; hence the number of isomers is very great. 

The most important syntheses of the carbohydrates have been made by 
E. Fischer and his pupils chiefly within the members of the hexose group. 
A short summary of the syntheses of hexoses is given below. ' ^ 

The first artificial preparation of a sugar was made by Butlebow. On 
treating trioxymethylene,- a polymer of formaldehyde, with lime-w^ater he ob- 

^Netiberg, 2eitschr. 1 physiol. Chem., 85, and Ben d. d. chem.'’Gesel!scli., ^88; 
Tollens and Maurenbrecher, ibid., ,88. , , , ^ ‘ 

» Neuberg,' Ber. d. d. chem. 'Gesellsch., '85; Tollens and, Mother, 87., , 
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tallied a faintly sweetish syrup called Eoew ^ later obtained a 

mixture of several sugars, from which he isolated a fermentable sugar, called 
methose, by condensation of formaideh 3 ’'de in the presence of bases. The most 
important and comprehensive syntheses of sugar have been periormed by E. 
FiSCHERd ^ ; 

The startiiig“})oint of these syntheses is a-acrose^ which occurs as a condensa- 
tion product of formaldehyde. The name a'-acrose has been given to this body 
because it is obtained from acrolein bromide b\^ the action of bases (Fischer). 
It is also obtained admixed with ^-acrose on the oxidation of glycerine with 
bromine in the presence of sodium carbonate and treating the resulting inixtiii’e 
with alkali. On the oxidation with bromine a mixture of giyeerine aldehyde, 
CH^OH.CHCOI-E.CHO, and dioxyacetone, CH 2 ( 0 H).C 0 .CH 20 H, is obtained. 
These two bodies may be considered as true sugars, Damely, glyceroses or tihjses. 
It seems as if a condensation to hexoses takes place on treatinent with alka]i(.\s. 

G'-acrose may be isolated from the above mixture and obtained pure first 
converting it into its osazone and then retransforming this into the sugar. 
G-acrose is identical with f-levulose. With yeast one half, the levogyrate d-ievu- 
lose, ferments, while the dextrogyrate Hevulose remains. The f- and /-levuiose 
may be prepared in this way. 

On the reduction of a-acrose we obtain G-acrite, which is identical with f-man- 
nite. On oxidation of f-mannite we obtain f-maimose, from which onl}” ^-man- 
nose remains on fermentation. On further oxidation of f-niannose it 3 delds 
f-mannonic acid. The two active mannonic acids may be separated from each 
other by the fractional crystallization of their strychnine or morphine salts. The 
two corresponding mannoses may be obtained from these two acids, d- and 
Z-mannonic acids, b}" reduction. 

d-Le villose is obtained from d-mannose by the method given on page 107, using 
the osazone as an intermediate step. The d- and Z-mannonio acids are ])arti 3 ^ 
converted into d- and Z-gluconic acids. on heating with quinoline, and d- or Z-glucose 
is obtained on the reduction of these acids ; Z-giucose is best prepared from 
Z-arabinose by means of the cyanhydriii reaction, using Z-glueonic acid as the 
intermediate step. The combination of Z- and d-gluconic aeids, forming /-glu- 
conic acid, 3 nelds f-glucose on reduction. 

The artificial preparation of sugars by means of the condensation of formalde- 
hyde has received special interest because, according to Baeyer^s assirnilution 
hypothesis, in plants formaldehyde is first formed b}’’ the leduetion of carbon 
dioxide, and the sugars are produced by the condensation of this forrnaldeiyvdc*. 
Bokorny ^ has shown, by special experiments on alga^ 8 pirog 3 rra, that formaide- 
hyde sodium sulphite was split by the living algie cells. The formaldehyde set 
free is immediately condensed to carbohydrate and precipitated as starcln 

Among the hexoses known at the present time only dextrose, ie\mIose 
and galactose are really of physiological-chemical interest; therefore the 
other hexoses will be only incidentally mentioned. 

Dextrose (d-glucose) — glucose, grape-sugar, and diabetic sugar— 
occurs abundantly in the grape, and also, often accompanied with knidose 
(d-fructose), in honey, sweet fruits, seeds, roots, etc. It occurs in the 
human and animal intestinal tract during digestion, also in small qiianiiiies 
in th^ blood and lymph, and as traces in other animal fluids and tissues. 


* Butlerow, Ann. d. Chem. u. Pharm., 120; Coinpt. rend., oS; 0. Loew, Journ. t 
prakt. Chem. (N. P.), SB, and Ber. d. deutseh. chem. Gesellseh. 20, 21, 22, 

2 Ber. d. d. chem. Oesellsch., 21, and 1. c., p, 105. 

^ Biolog. CentralbL, 12, pp. 321 and ,481.. 
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It occurs only as traces in urine under normal conditions/ while in diabetes 
the quantity is Yery large. It is formed in the hydrolytic cleavage of 
starch, dextrin, and other compound carbohydrates, as also in the splitting 
of glueosides. The question whether dextrose can be formed in the body 
from proteins or from fats is disputed and wdll be discussed in a following 
chapter (VII 1). 

Properties of Dextrose. Dextrose crystallizes sometimes wdth 1 molecule 
of water of crj’^stallization in warty masses or small leaves or plates, and 
sometimes when free from water in needles or prisms. The sugar contain- 
ing water of crystallization melts even below 100*^ C. and loses its w’-ater 
of crystallization at 110° C. The anhydrous sugar melts at 146° C., and 
is converted into giucosan, CeliioOs, at 170° C. with the elimination of 
water. On strongly heating it is converted into caramel and then de- 
composes. 

Dextrose is readily soluble in water. This solution, which is not as 
sweet as a cane-sugar solution of the same strength, is dextrogyrate and 
shows strong birotation. The specific rotation is dependent upon the 
concentration of the solution, as it increases with an increase in the con- 
centration. A 10 per cent solution of anhydrous glucose can be taken as 
52.74° at 20° C.^- Dextrose dissolves sparingly in cold, but more freely 
in boiling alcohol. 100 parts alcohol of sp. gr., 0.837. dissolves 1.95 parts 
anhydrous dextrose at 17.5° C. and 27.7 parts at the boiling temperature 
(Anthon-). Dextrose is insoluble in ether. 

If an alcoholic caustic-potash solution is added to an alcoholic solution 
of dextrose, an amorphous precipitate of insoluble sugar-potash compound 
is formed. On w^arming this compound it decomposes easily with the 
formation of a yellow or brownish color, which is the basis of IIoobe's 
test. Dextrose forms also compounds with lime and baryta. 

. Moore’s Test If a dextrose solution is treated with about one quarter 
of its volume of caustic potash or soda and warmed, the solution becomes 
first yellow, then orange, yellowish brown, and lastly dark brown. It has 
at the same time a faint odor of caramel, and, this odor is more pronounced 
on acidification.^ 

Dextrose forms several crystaijizable combinations with NaCl, of which 
the easiest to obtain is (C6Hi206)2^NaCl+H20, which forms large colorless 
six-sided double pyramids or rhomboids with 13.52 per cent NaCl. 

Dextrose in neutral or very faintly acid (organic acid) solution under- 
goes alcoholic fermentation with beer-yeast: C6Hi206~-2C2H6-0H+2C02*; 
Besides the alcohol and carbon dioxide there are formed, especially at 

^For further information see Tollens, Handbuch der Kohlehydrate, 2. Aufl., 44. 

^ Cited from Tollens^ Handbuch- . , . , - ^ 
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higher temperatures, small quantities of homologous alcohols (amyl 
alcohol), glycerine, and succinic acid. In the presence of acid milk or 
cheese the dextrose undergoes lactic-acid fermentation, especially in the 
presence of a base such as ZnO or CaCOa- The lactic acid may then 
further undergo butyric-acid fermentation: 2C3H603 = C4H802+2G02 + 4 H. 

Dextrose reduces several metallic oxides, such as copper oxide, bismuth 
oxide and mercuric oxide, in alkaline solutions, and the most important 
reactions for sugar are based on this fact. 

TKOMMER^s test is based on the property that dextrose possesses of re- 
ducing cupric hydrate in alkaline solution into cuprous oxide. Treat the 
dextrose solution with about I vol. caustic soda and then carefully add 
a dilute copper-sulphate solution. The cupric hydrate is thereby dissolved, 
forming a beautiful blue solution, and the addition of copper sulphate 
is continued until a very small amount of hydrate remains undissolved 
in the liquid. This is now warmed, and a yellow hydrated suboxide or red 
suboxide separates even below the boiling temperature. Tf too little copper 
salt has been added, the test will be yellowish brown in color, as in Moore 
test; but if an excess of copper salt has been added, the excess of hydrate 
is converted on boiling into a dark-brown hydrate which interferes with 
the test. To prevent these difficulties the so-called Fehling’s solution 
may be employed. This solution is obtained by mixing just before use 
equal volumes of an alkaline solution of Rochelle salt and a copper-sulphate 
solution (see Quantitative Estimation of Sugar in the Urine in regard to 
concentration). This solution is not reduced or noticeably changed by 
boiling. The tartrate holds the excess of cupric hydrate in solution, and an 
excess of the reagent does not interfere in the performance of the test. In 
the presence of sugar this solution is reduced. 

BoTTGER-AuMiN^s tcst is based on the property dextrose possesses of 
reducing bismuth oxide in alkaline solution. The reagent best adapted for 
this purpose is obtained, according to Nylander's ^ modification of 
original test, by dissolving 4 grams of Rochelle salt in 100 parts of 10 per 
cent caustic-soda solution and adding 2 grams of bismuth subnitrate and 
digesting on the water-bath until as much of the bismuth salt is dissolved 
as possible. If a dextrose solution is treated with about voL, or with a 
larger quantity of the solution when large quantities of sugar are present, 
and boiled for a few minutes, the solution becomes first 3^elIow, then yel- 
lowish brown, and finally nearly black, and after a time a black deposit 
of bismuth (?) settles. 

The property of dextrose of reducing an alkaline solution of mercim^ 
on boiling is the basis of Knapp's reaction with alkaline mercuric cyanide and 
of Sachsse's reaction vdth an alkaline potassium-mercuric iodide solution. 


^ Zeitschr. f. physiol Chem., 8. 
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On heating with phenylkybrazine acetate a dextrose solution gives a 
precipitate consisting of fine yellow crystalline needles which are nearly 
. insoluble in water but soluble in boiling alcohol, and which separate again 

’ on treating the alcoholic solution with winter. The crystalline precipitate 

consists of phenylglucosazone (see page 107). This compound melts when 
pure at 204-205® C., dissolves readily in pyridine (0.25 gram in 1 gram), 
j and precipitates again from this solution as crystals on the addition of 

benzene, ligroin, or ether. According to Neuberg ^ this behavior can be 
used in the purification of the osazone. 

; Dextrose is not precipitated by a lead-aeetate solution, but is almost 

completely precipitated by a solution of ammoniacal basic lead acetate, 
i On warming, the precipitate becomes flesh-color or rose-red (Rubjster^s 

■ reaction^), 

j If a watery solution of dextrose is treated with henzoylchloride and 

j an excess of caustic soda, and shaken until the odor of benzoylchloride 

I has disappeared, a precipitate of benzoic-acid ester of dextrose will be pro- 

I duced which is insoluble in water or alkali (Baumann^). 

• If h-1 c.c. of a dilute watery solution of dextrose is treated with a few 

i drops of a 10 per cent alcoholic solution (free from acetone) of a-naphthol, 

the liquid is colored a beautiful violet on the addition of 1-2 c.c. of con- 
centrated sulphuric acid (Molisch). According to Reinbolb^ this 
reaction depends first upon the formation of a volatile substance wliich 
gives a bluish- violet color with a-naphthol and sulphuric acid in the warmth. 

I On further heating furfurol is also produced, which gives a raspberry- 

red to ruby-red coloration. 

Diazobenzenesulphonic acid gives with a dextrose solution made alkaline 
= with a fixed alkali a red color, which after 10-15 minutes gradually changes to 

I violet. Orthonitrophenylpropiolic acid yields indigo when boiled with a small 

quantity of dextrose and sodium carbonate, and this is converted into indigo- 
white by an excess of sugar. An alkaline solution of dextrose is colored deep ” 

red on being warmed with a dilute solution of picric acid. The behavior of 
dextrose towards certain pentose reactions has already been given on page 112. 

; A more complete description as to the performance of these several tests i 

I will be given in detail in a subsequent chapter (on the urine). 

I , Dextrose is prepared pure by inverting cane-sugar by the following 

1 simple method of Soxhlet and Tollens, being a modification of Schwarz^s ^ 


^Ber. d. d. chem. Geselisch., S2, 3384. 

2 Zeitschr. f, Biologie, 20. , ; ; 

® Ber. d. deutsch. chem. Geselisch., 19; also Kueny, Zeitschr. f. physiol. Chem., 14, 
and Skraup, Wien. Sitzungsber., 98 (1888). 

Molisch, Monatshefte f. Chem., 7, and CentralbL f. d. med. Wissensch., 1887, 
pp.<34 and 49; Reinbold, Pfiuger^s Arch., 103. . - ^ ,, 1 

,®TolIens, Handbuch der Kohlehydrate, 2. Aufi. I, 39. . , . , 
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Treat 12 litres 90 per cent alcohol with 480 C/C. fiuiiing hyclroehloric 
acid and warm to 45-50° C. : gradually add 4 kilos of powdered cane-sugar, 
and allow to cool after two hours, when all the sugar will have dissolved 
and been inverted. To incite crystallization^ some crystals of anhydrous 
dextrose are added, and after several days the crystals are sucked dry by 
the air-pump, washed with dilute alcohol to remove hydrochloric acid, and 
crystallized from alcohol or methyl alcohol. xAccording to Tollens it Is, 
best to dissolve the sugar in one half its weight of water on the water- 
bath and then, add double this volume of 90-95 per cent alcohol. 

In detecting dextrose in animal fluids or extracts of tissues we may 
make use of the above-mentioned reduction tests, the optical determination, 
fermentation, and phenylhydrazine tests. For the quantitative estima- 
tion the reader is referred to the chapter on the urine. Those liquids contain- 
ing proteins must first have these removed by coagulation with heat and 
addition of acetic acid, or by precipitation with alcohol or metallic salts, 
before testing for dextrose. In regard to the difficulties of operating with 
blood and serous fluids we refer the student to the works of Schenck, 
Rottm:a,nn-, Abeles, and Seegex.i 

The guloses are stereoisomers of dextrose and may be prepared artificially. 
d-Gulose is obtained on the reduction of d-guionic acid, which is obtained on the 
reduction of glucuronic acid. 

Mannoses. — d-Mannose, also called semfwosc, is obtained with d-levulose 
on the careful oxidation of d-mannite. It is also obtained on the hydrolysis 
of natural carbohydrates, such as salep sii meand reserve cellulose (especially 
from the shavings from the ivory-nut). It is dextrorotatory, readily ferments 
with beer-yeast, gives a hydrazone not readily soluble in water, and an osazoue 
which is identical with that from d-glucose. 

Levulose, also called d-FRUCTOSE and fruit-sugar, occurs, as above 
stated, mixed with dextrose extensively distributed in the vegetable king- 
dom and also in honey. It is formed in the hydrolytic cleavage of cane- 
sugar and several other carbohydrates, biit it is especially readil}’' obtained 
by the hydrolytic splitting of inulin. In extraordinary cases of diabetes 
meilitus we find levulose in the urine. Neuberg and Strauss^ have 
detected levulose with positiveness in human blood-serum and exudates in 
certain eases. 

Levulose crystallizes with difficulty in needles partly anhydrous and 
partly containing water. It is readily soluble in water, but nearly insoluble 
in cold absolute alcohol, though rather readily in boiling alcohol. Its 
aqueous solution is levogyrate. Levulose ferments mth yeast, and gives 
the same reduction tests as dextrose, and also the same osazone. It gives 
a compound with lime which is less soluble than the corresponding dex- 
trose compound. Levulose is not precipitated by sugar of lead or basic 
lead acetate. 


^ Sohenck, Pfiuger^^ Arch., 40 and 47; ROhmann, CentraibL f. Physiol, 4; Afoele^ 
Zeitschr. f. physiol. Chem., 15; Seegep, OentralbL f. Physiol, 4. 

^Zeitschr. f. physiol. Chem., SO, which also contains the older literature. 
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. Levulose does not reduce copper to the same extent as dextrose. 
Under similar conditions the reduction relationship of dextrose to levulose 
is 100:92.08. 

In detecting levulose arid those varieties of sugar which yield le\niIose 
on cleavage we make use of the following reaction suggested by Seli- 
w’ANOFF. To a few cubic centimetres of fuming hydrochloric acid, add 
an equal volume of water and a small quantity of the sugar solution or 
of the solid substance and a few crystals of resorcin and apply heat. The 
lic{uid becomes a beautiful red, and gradually a substance precipitates 
which is red in color and soluble in alcohol. According to Ofnee ^ the 
mixture must not contain more than 12 per cent HCl/and the boiling must 
not be continued longer than twenty seconds, otherwise glucose, mannose, 
and indeed maltose, may give a similar reaction. R. and 0. Adler ^ per- 
form the test with glacial acetic acid and a drop of hydrochloric acid and 
some resorcin, in which case a reaction with aldoses is not obtained. Seli- 
w^ANOPF^s reaction, which according to Rosin may be made more delicate 
by a combination with the spectroscopic examination, is, as Neuberg ^ has 
shomi, a general reaction for ketoses. 

According to Neuberg,^ methylphenylhydrazine is an excellent sub- 
stance to use for the separation and detection of levulose, as it gives a 
characteristic le\iilose-methylphenylosazone. This osazone when recrys- 
tallized from alcohol melts at 153*^. It shows a clextrorotation of 1° 40' 
w^hen 0.2 gram of the osazone is dissolved in 4 c.c. pyridine and 6 c.c. 
absolute alcohol. 

Ofner has made objections to the use of methylphenylhydrazine in the 
detection of levulose. He has obtained the osazone from dextrose and 
methyiphenylhydrazine, although the osazone is formed much more quickly 
with levulose than with dextrose. Only when the separation of the osazone 
crystals with methylphenylhydrazine after the addition of acetic acid 
takes place within five hours at ordinary temperatures is the presence of 
levulose positively proven (Ofner ^). 

The use of secondary asymmetric hydrazines as a general reagent for ketoses 
and as a means of separation from aldoses is objected to by Ofner. 

Levulose, as above stated, is best obtained by the hydrolytic cleavage 
of inulin, by warming with faintly acidulated water. 

Sorbinose (sorbin) is a ketose obtained from the juice of the berry of the 
mountain ash under certain conditions. It is crystalline and levogyrate, and 
is converted into sorbite by reduction. , 


^ Monatshefte f. Chem., 25. ' . ' ■ , 

■ ‘ ^ See foot-note 5, p. 112. ' ' U' \ 'kvy y’’ , A'. y, ■ v ' 

® Xeitschr. f. physiol. 'Chem., '31; ' Rosin/ 38. 

^ d. d. chem. Gesellsch., 35; also Neuberg’ aiid Strauss, 36* . / ' 

.and/?5eitsehL f. 'ph^ Ohem-.i 45.''' /''/ b '-' > ' - 



120 


THE CARBOHYDEATES. 


Galactose (not to be mistaken for lactose or milk-sugar) is obtained 
on the hydrolytic cleavage of milk-sugar and by hydrolysis of many other 
carbohydrates/ especially varieties of gums and mucilaginous bodies. It 
is also obtained on heating cerebriU; a nitrogenized glucoside prepared 
from the brain, with dilute mineral acids. 

It crystallizes in needles or leaves which melt at 168*^ G. It is some- 
what less soluble than dextrose in water. It is dextrogyrate and shows 
multirotation. With ordinary yeast the galactose is slowly, but neverthe- 
less completely, fermented. It is fermented by a great variety of yeasts 
(E. Fischer and Thibrfelder), but not by Saccharomyces apiculatus/ 
which is of importance in physiological-chemical investigations. Galactose 
reduces Fehling^s solution to a less extent than dextrose, and 10 e.c. 
of this solution are reduced, according to Soxhi^et, by 0.0511 gram galac- 
tose in 1 per cent solution. Its phenylosazone melts at 193® G., and is 
soluble with difficulty in water, but with relative ease in hot alcohol. 
Its solution in glacial acetic acid is optically inactive. In the test with 
hydrochloric acid and phloroglucin galactose gives a color similar to the 
pentoses, but the solution does not give the absorption spectrum. On 
oxidation it first yields galactonic acid and then mucic acid. Both Z- and 
t-galactose have been artificially prepared. 

Talose is a sugar which is artificially prepared by the reduction of talonic 
acid. Talonic acid is obtained from d-galactonic acid by heating it with quinoline 
or pyridine to 140-150° C. 

Appendix to the Hexoses. 

CH2OH 

a-Glucosamine^ (chitosamine), C 6 Hi 3 N 05 = whose synthet- 

COH 

ical preparation has already been given on page 108, was first prepared by 
Ledberhose 3 from chitin by the action of concentrated hydrochloric acid. 
Recently it has been obtained as a cleavage product of several mucin 
substances and proteins (see pages 33 and 65). Glucosamine is, as E. 
Fischer and Lexjchs have shown, a derivative of glucose or <i-mannose 
(probably dextrose), and as an intermediaiy member between the hexoses 
and the oxyamino-acids obtainable from the proteins, it forms in certain 
regards a bridge between the proteins and the carbohydrates. 

The free base is readily soluble in water with an alkaline reaction and 

^See F. Voit, Zeitschr. f, Biologie, 28 and 29. 

^ According to E. Fischer^s suggestion we shall use the term glucosamine instead 
of the term chitosamine which has lately been generally used. 

^Zeitschr. f, physiol. Chem., 2 and 4, 
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quickly decomposes. The characteristic hydrochloride forms colorless 
crystals which are stable in the air and readily soluble in water^ diiScultly 
soluble in alcohol, and insoluble in ether. The solution is dextrorotatory^ 
(a)D= +70.15° to 74.64°, at various concentrations 4 Glucosamine has a 
reducing action similar to glucose, gives the same osazone, but is not fer- 
mentable. With benzoyl chloride and caustic soda it gives a crystalline 
ester. In alkaline solution it gives with phenylisocyanate a compound 
which can be converted into its anhydride by acetic acid, and is used in 
the separation and detection of glucosamine (Steudel^). On oxidation 
with nitric acid it yields norisosaccharic acid, whose lead salt can be 
separated and whose salts with cinchonine or quinine are difficultly 
soluble in water and can also be used very successfully in the detection 
of glucosamine (Neuberg and Wolff 3). On oxidation with bromine 
chitaminic acid (d-glucosaminic acid) is produced, and this is converted 
into chitaric acid, CeHioOe, by nitrous acid. On treatment with nitrous 
acid glucosamine yields a non-fermentable sugar called chitose. 

Ehrlich * has suggested a test which does not respond with the free glucos- 
amine, but with the mucins and other protein bodies containing an acetylated 
glucosamine. It consists in warming the substance, which has previously been 
treated with alkali, with a hydrochloric-acid solution of dimethylaminobenzalde- 
hyde, when a beautiful red color is obtained. 

Glucosamine is best prepared from decalcified lobster-shells by treating 
with hot concentrated hydrochloric acid.^ In regard to its preparation 
from protein substances we must refer to the works cited on page 33, foot- 
note I. 

Galactosamine has been prepared by Schulz and Ditthorn ^ from a 
glucoproteid of the spawn of the frog. 

CHO 

Glucuronic acid (glycuronic acid), CeHioOr^ (CH.OH) 4 , is a derivative 

COOH 

of dextrose and has been synthetically prepared by E. Fischer and Piloty ^ 
by the reduction of the lactone of saccharic acid. On oxidation with 
bromine it forms saccharic acid, and on reduction it yields gulonic-acid 
lactone. Salkowski and Neuberg ^ have obtained ^-xylose from glu- 
curonic acid by splitting off CO 2 by means of putrefaction bacteria. 

^ See Hoppe-Seyler-Thierfelder’s Handbuch, 7. Aufl,; Sundwik, Zeitschr. f. physiol 
Chem., 34. 

^Zeitschr. L physiol. Chem., 34. , . 

^ Ber. d. d. chem. Geseiisch., 34. 

* Media. Woche, 1901, No. 15; see Langsteia, Ergebnisse der Physiol., I, Abt. 1, 88. 

® See Hoppe-Seyler-Thierfelder^s Handbuch, 7,, Aufl. 

® Zeitschr. f. physiol. Chem,, 29. 

’'Ber. d. d. chem. Geselisch., 24. 

® Zeitschr. f. physiol. Chem.,; 36.' 
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Glucuronic acid has not been found in the free state in the animal body. 
It occurs to a slight extent in normal urine as a con jiigated acid/ phenol- 
and probably also indoxyl- and skatoxylgluciironic acid (Mayer and 
Neuberg). It occurs to .a much greater extent in urine as conjugated 
acid after the ingestion of certain aromatic and also aliphatic substances^ 
especially camphor and chloral hydrate. It was obtained first by 
ScHMiEDEBERG and Meyer from camphoglucuronic acid; and then by 
V. ^Ierin-g^ from iirochloralic acid by cleavage with dilute acids. Accord- 
ing to P. MayeR;^ on the oxidation of dextrose a partial formation of gin- 
curonic acid and oxalic acid takes place, and therefore, according to him; 
an increased elimination of conjugated giucuronic acids shoves in certain 
cases an incomplete oxidation of dextrose. Conjugated glucuronic acids 
ma}^ also occur in the blood (P. Mayer, Lupine and Boulud'^), in 
the fasces and in the bile.'^ Neuberg and NeimannA have prepared 
certain conjugated glucuronic acids (see Chapter XV) synthetically, among 
them being euxanthic acid. The most abundant source of glucuronic acid 
is the artistes pigment ^^Jaune Indian/^ which contains the magnesium salt 
of euxanthic acid (euxanthon-glucuronic acid). 

Glucuronic acid is not crystalline, but is only obtainable as a symp. 
It dissolves in alcohol and is readily soluble in water. If the aqueous solu- 
tion is boiled for an hour the acid is partly (20 per cent) converted into 
the crystalline lactone, glucurone, CoHsOe, which is soluble in water and 
insoluble in alcohol. The alkali salts of the acid are crystalline. If a 
concentrated solution of the acid is saturated with barium hydrate the 
basic barium salt is obtained as a precipitate. The neutral lead salt is 
soluble in water, while the basic salt is insoluble. The readily crystallizable 
cinchonine salt can be used in isolating glucuronic acid (Neuberg ^). 
Glucuronic acid is dextrorotatory, while the conjugated acids are ievo- 
rotatory; they behave like dextrose with the reduction tests and do not 
ferment with yeast. They give the pentose reactions with phloroglucin 
or orein and hydrochloric acid, and yield abundant furfurol on distillation 
with hydrochloric acid. With the phenylhydrazine test they give crystal- 
line compounds which are not sufficiently characteristic (Thierfeldee, 
P. Mayer ^). By the action of 3 mol. phenylhydrazine and the necessary 
amount of acetic acid upon 1 mol. glucuronic acid at 40^^ for a few days 

' Mayer and Neuberg, Zeitschr. f. physiol. Chem., 29; Schmiedeberg ii. Meyer, ibid,, 
3; V. Mering, ibid., 6- 

^ Zeitsohr. f, klin. Med., 47. See Chapter XV. 

3 Zeitschr, f. physiol. Chem., 22; Lupine and Boulud, Compt. rend., 13S, 134, 128. 

< See Bial, Hofmeister^s BeitrS,ge, 2, and v. Leersum ibid,, 3, 

« Zeitschr, f. physiol Chem., 44. 

®Ber. d. d. chem. Gesellsch., 33, 

^Thierfelder, Zeitschr. f. physiol Chem., 11,13, 15; Mayer, 29. 
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Neuberg and Neimann obtained the glucuronic-acid osazone, which was 
very similar to glucosazone and melted at 200“205'^. With 2 >brompheiiyh 
hydrazine hydrochloride and sodium acetate; glucuronic acid gives p-brom« 
phenylhydrazine glucuron ate/ which is characterized by insolubility in 
absolute alcohol and by a very prominent levorotatory action. This com- 
pound is very well suited for the detection of glucuronic acid. ^ Dissolved 
in a mixture of alcohol and pyridine (0.2 gram substance in 4 c.c. pyri- 
dine and 6 c.c. alcohol) the rotation is 7"^ 25', which corresponds to 
(a)f=-369°. 

Glucuronic acid is best prepared from euxanthic acid; which decomposes 
by heating it with %vater to 120° C. for several hours. The filtrate from 
the euxanthon is concentrated at 40° C., when the anhydride gradually 
crystallizes out. On boiling the mother-liquor for some time and evaporat- 
ing further, the crystals of the lactone are obtained. In regard to the 
quantitative estimation of glucuronic acid w^e must refer the reader to 
the Avorks of Tollens and his collaborators and of Neuberg and Neimann.^ 

Disaccharides, 

Some of the varieties of sugar belonging to this group occur ready 
formed in nature. Thus w^e have saccharose and lactose. Some, on the 
contrary, such as maltose and isomaltose, are produced by the partial 
hydrolytic cleavage of complicated carbohydrates. Isomaltose is besides 
this also obtained from dextrose by reversion (see page 125). 

The disaccharides or hexobioses are to be considered as anhydrides, 
derived from two monosaccharides with the exit of 1 molecule of water. 
Corresponding to this, their general formula is C 12 H 22 O 11 . On hydrolytic 
cleavage and the addition of water they yield 2 molecules of hexoses, 
either 2 molecules of the same hexose or one each of t\vo different hexoses. 
Thus 

Saccharose + H20= dextrose + levailose ; 

Maltose -f H 2 O = dextrose 4- dextrose ; 

Lactose + H 2 O = dextrose -f galactose. 

The levulose turns the polarized ray more to the left than the dextrose 
docs to the right ; hence the mixture of hexoses obtained on the cleavage of 
saccharose has an opposite rotation to the saccharose itself. On this 
account the mixture is called invert-sugar, and the hydrolytic splitting 
is designated as inversion. This term inversion is not only used for the 
splitting of saccharose, but is also used, for the hydrolytic cleavage of 


^ See Neuberg, Ber. d. d, chem. Oesellsch., 32, and Mayer and Neuberg, ^leitschr. 
f. physiol. Chem,, 20. ' ’ ' ~ 

^ Tollens, Zeitschr. f. physiol, ' Ohenot., 44, which cites also the older workj Neu- 
berg ' and 44; 'Neuberg, ■/ 
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compound sugars into monosaccharides. The reverse reaction, whereby 
monosaccharides are condensed into complex carbohydrates, is called 
reversion. 

, 'We subdivide the disaccharides* into two groups: first, the group to 
which saccharose belongs, where the members do not have the property of 
reducing certain metallic oxides; and the second group, to which the two 
maltoses and lactose belong, the members acting like monosaccharides in 
regard to the ordinary reduction tests. The members of the latter group 
have the character of aldehyde alcohols. 

Saccharose, or cane-sugar, occurs extensively distributed in the plant 
kingdom. It occurs to the greatest extent in the stalk of the sugar-millet 
and sugar-cane, the roots of the sugar-beet, the trunks of certain varieties of 
palms and maples, in carrots, etc. Cane-sugar is of extraordinarily great 
importance as a food and condiment. 

Saccharose forms large, colorless monoclinic crystals. On heating it 
melts in the neighborhood of 160^^ 0., and on heating more strongly it turns 
brown, forming so-called caramel. It dissolves very readily in water, and 
according to Scheibler ^ 100 parts of saturated saccharose solution contain 
67 parts of sugar at 20"^ C. It dissolves with difficulty in strong alcohol. 
Cane-sugar is strongly dextrorotatory. The specific rotation is only slightly 
modified by concentration, but is markedly changed by the presence of 
other inactive substances. The specific rotation is (a)jy— -1-66.5°. 

Saccharose acts indifferently towards Moorb^s test and to the ordinary 
reduction tests. It does not ferment directly, but only after inversion, 
which can be brought about by an enzyme (invertin) contained in the yeast. 
An inversion of cane-sugar also takes place in the intestinal canal. Con- 
centrated sulphuric acid blackens cane-sugar very quickly even at the 
ordinary temperature, and anhydrous oxalic acid does the same on warming 
on the water-bath. Various products are obtained on the oxidation of 
cane-sugar, dependent upon the variety of oxidizing material and also upon 
the intensity of the action. Saccharic acid and oxalic acid are the most 
important products. 

The reader is referred to complete text-books on chemistry for the 
preparation and quantitative estimation of cane-sugar. 

Maltose (malt-sugar) is formed in the hydrolytic cleavage of starch by 
malt diastase, saliva, and pancreatic juice. It is obtained from glycogen 
under the same conditions (see Chapter VIII). Maltose is also produced 
transitorily in the action of sulphuric acid on starch. Maltose forms the 
fermentable sugar of the potato or grain mash, and also of the beenvort. 

Maltose crystallizes with 1 molecule water of crystallization in fine 
white needles. It is readily soluble in water, rather easily in alcohol, but 

: A See Tollens^ Handbuch der KoWehydrate, 2. 124, 
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insoluble in ether. Its solutions are dextrorotatory; and the specific 
rotation is yariable/ depending upon the concentration and temperature, 
but is considerably stronger than dextrose.^ Maltose ferments readily and 
completely with yeast, and acts like dextrose in regard to the reduction 
tests. It yields phenylmaltosazone on warming with phenylhydrazine for 
IJ hours. This phenylmaltosazone melts at 206*^ C. and is more soluble 
than the glucosazone. Maltose differs from dextrose chiefly in the follow- 
ing: It does not dissolve as readily in alcohol, has a stronger dextrorota- 
tory power, and has a feebler reducing action on Fehling^s solution. 10 
c.c. Fehling's solution is, according to Soxhlet,^ reduced by 77.8 milli- 
grams anhydrous maltose in approximately 1 per cent solution. 

Isomaltose. This variety of sugar, as has been shown by Fischer, ^ is 
produced, besides dextrin-like products, by reversion and by the action of 
fuming hydrochloric acid on dextrose. A re-formation of isomaltose and 
other sugars from dextrose can also be brought about by means of yeast 
maltase (Hill and Emmeeling^). It is also formed, besides ordinary 
maltose, in the action of diastase on starch paste, and occurs in beer and 
in commercial starch-sugar. The formation of isomaltose in the hydrolysis 
of starch by malt diastase has been denied by many investigators because 
they considered isomaltose as contaminated maltose.^ It is also produced, 
with maltose, by the action of saliva or pancreatic juice (KtJLZ and Vogel) 
or blood-serum (Rohmann on starch. 

Isomaltose dissolves very readily in water, has a pronounced sweetish 
taste, and does not ferment, or, according to some, only very slowly. It 
is dextrorotatory, and has very nearly the same power of rotation as mal- 
tose. Isomaltose is characterized by its osazone. This forms fine yellow 
needles, which begin to form drops at 140*^ C. and melt at 150-153° C. 
It is rather easily soluble in hot water and dissolves in hot absolute alcohol 
much more readily than the maltosazone. Isomaltose reduces copper as 
well as bismuth solutions. 

Lactose (milk-sugar). As this sugar occurs exclusively in the animal 
world, in the milk of human beings and animals, it will be treated in a 
following chapter (on milk). 

^ See Hoppe-Seyler-Thierf elder’s Handbuch, 7. Aufl. 

^ Cited from Toliens’ Handbuch der Kohlehydrate, 2. Aufl. 1, 154. 

^ Ber. d. deutsch. cheia, Geselisch., 23 and 28. 

^Emmeriing, ibid.^ 34; Hill, 34, and L c., foot-note 1, p. 16. 

® Brown and Morris, Journ. of Chem. Soc,, 1895; Ghem. News, 72. See also Ost. 
ITlrich, and Jaiowetz, Eef. in Ber. d. deutsch, chem. Geselisch., 28; Ling and Baker, 
Journ. of Chem. Soc., 1895; Pottevin, Chem. CentralbL, 1899, II, 1023, 

® Kiilz and Vogel, Zeitschr. f. Biologie, 31; Rohmann, CentralbL f. d. med. Wis- 
sensch., 1893, 849. 
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Polysaccharides* 

If we exclude the hexotrioses and the few remaining siigar-Iike pol}:'- 
saccharides, this group includes a great number of very complex carbo- 
hydrates,, which occur only in the amorphous condition; or at least not as 
crystals in the ordinary sense. Unlike the bodies belonging to the other 
groups, these have no sweet taste. Some are soluble in water, while others 
swell up therein, especially in warm water, and finally are neither dissolved 
nor visibly changed. Polysaccharides are ultimately converted into mono- 
saccharides by hydrolytic cleavage. 

The polysaccharides (not sugar-like) are ordinarily divided into the 
following chief groups: starch group^ gum and vegetahle-mucilage group ^ 
and cellulose group. 

Starch Group, (C 6 Hio 05 )x. 

Starch, amylum, (C 6 Hio 05 )x. This substance occurs in the plant king- 
dom very extensiveh^ distributed in the different parts of the plant, espe- 
cially as reserve food in the seeds, roots, tubers, and trunks. 

Starch is a white, odorless, and tasteless powder, consisting of small 
granules which have a stratified structure and different shape and size in 
different plants. According to the ordinary opinion the starch granules 
consist of two different substances, stabch gkanxjlose and stakch cellu- 
lose (v. Nageli), corresponding to Maquenne and Roux^s ^ amylase and 
amylopectin, of which the first alone is converted into sugar on treatment 
with diastatic enzymes. 

Starch is considered insoluble in cold water. The grains swell up in 
warm water and burst, yielding a paste. Starch is insoluble in alcohol and 
ether. On heating starch with water alone, or heating with glycerine to 
190° C., or on treating the starch grains with 6 parts dilute hydrochloric 
acid of sp. gr. 1.07 at ordinary temperature for six to eight weeks, ^ it is 
converted into soluble starch (amylobextrin, amidulin). Soluble starch 
is also formed as an intermediate step in the conversion of starch into sugar 
by dilute acids or diastatic enzymes. Soluble starch may be precipitated 
from very dilute solutions by baryta-water.^ 

Starch granules swell up and form a pasty mass in caustic potash or 
soda. This mass gives neither Moore's nor Trommer's test. Starch 
paste does not ferment with yeast. The most characteristic test for starch 


Nageli, Botan. Mtteil., 1863; Maquenne and Roux, Compt. rend., 140, and 
Bull. Soc. ehim. de Paris (3), 38. 

® See Toliens’ Handb., 191. In regard to other methods, see Wrdblewsky, Ber. d. 
deutsch. chem. Gesellsch., 80; Syniewski, ibid, 

® In regard to the compounds of soluble starch and dextrins with barium hydrate, 
see Biilowy Pfiugeris Arch., 82# 



INULIN. ^ 

is the blue coloration produced by iodine in the presence of hydriodic 
acid or alkali iodides.^ This blue coloration disappears on the addition of 
alcohol or alkalies, and also on warming, but reappears again on cooling. 

On boiling with dilute acids starch is converted into dextrose. In the 
conversion by means of diastatic enzymes we have as a rule, besides dextriiij 
maltose, and isomaltose, only very little dextrose. We are considerabty in 
the dark as to the kind and number of intermediate products produced in 
this process (see Dextrins). ' 

Starch may be detected by means of the microscope and by the iodine 
reaction. Starch is quantitatively estimated, according to Sachsse’s 
method,^ by converting it into dextrose by hydrochloric acid and then 
determining the dextrose by the ordinary methods. 

Inulin, (C 6 Hio 05 )x + H20, occurs in the underground parts of many 
compositie, especially in the roots of the Inula helenium, the tubers of the 
d^^lia, the varieties of helianthus, etc. It is ordinarily obtained from the 
tubers of the dahlia. 

Inulin forms a white powder similar to starch, consisting of spheroid 
crystals which are readily soluble in warm water, without forming a paste. 
It separates slowly on cooling, but more rapidly on freezing. Its solutions 
are levogyrate and are precipitated by alcohol, and are colored only yellow 
with iodine. Inulin is converted into the levogyrate monosaccharide levu- 
lose on boiling with dilute sulphuric acid. Diastatic enzymes have no or 
only very slight action on inulin.^ 

According to Dean ^ inulin occurs together with other substances, levuUns, 
which are. more soluble and have less rotation. He suggests that we limit the 
name inulin to that of carbohydrate (or mixture of carbohydi'ates), which is 
readily precipitabie by 60 per cent alcohol and shows a specific rotation of 
- 38 - 40 ^ 

Lichenin (moss-starch) occurs in many lichens, especially in Iceland moss. 
It is not soluble in cold water, but swells up into a jelly. It is soluble in hot 
water, forming a jell}" on allowing the concentrated solution to cool. It is colored 
yellow by iodine and yields glucose on boiling with dilute acids. Lichenin is 
not changed by diastatic enzymes such as ptyalin or amylopsin (Nilson ^). 

Glycogen. This carbohydrate, wliich stands to a certaiii extent between 
starch and dextrin, is principally found in the animal kingdom, hence it 
will be considered in a subsequent chapter (on the liver). 


^ See Myiius, Ber. d. deutsch. chem. Gesellsch., 20, and Zeitschr. f. physiol Chem., 11. 
^Toliens^ Handb., 2. Aufi. 1, 187.- 
^Ibid., 208 . 

^Amer. Ohem. Journ., S2. ' ' V' 

*Upsala Xakaret Fork., 28. ■ ‘ - 
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The Gums and Vegetable Mucilages, (C 6 Hio 05 )x. 

These bodies may be divided into two chief groups^ according to their 
origin and occurrence, namely, iliQ dextrin group and the vegetable gums or 
mucilages. The dextrins stand in close relationship to the starches and 
are formed therefrom as intermediate products in the action of acids and 
diastatic enzymes. The various kinds of vegetable gums and vegetable 
mucilages occur, on the contrary, as natural products in the vegetable 
kingdom, and some may be separated from certain plants as amorphous, 
transparent masses, and others may be extracted from certain parts of the 
plant, such as the wood and seeds, by proper solvents. 

The dextrins yield as final products only hexoses, indeed only dex- 
trose, on complete hydrolysis. The vegetable gums and the mucilages 
yield, on the contrary, not only hexoses, but also an abundance of pentoses 
(gum arable and wood-gum), d-Gaiactose occurs often among the hexoses, 
and accordingly as a differentiation from the dextrins, they yield mucic 
acid on oxidation with nitric acid. The dextrins, as well as the ordmar}^^ 
varieties of gums and mucilages, are precipitated by alcohol. Basic lead 
acetate precipitates the gums and mucilages, but not the dextrins. 

Dextrin (starch-gum, British gum) is produced on heating starch to 
200-210® C., or by heating starch, which has previously been moistened 
with water containing a little nitric acid, to 100-110® C. Dextrins are also 
produced by the action of dilute acids and diastatic enzymes on starch. 
We are not quite clear in regard to the steps taking place in the above 
processes, but the ordinary views are as follows: The first product, which 
gives a blue with iodine, is soluble starch or amylodextrin, which on further 
hydrolytic cleavage yields sugar and erythrodextrin, which is colored red 
by iodine. On further cleavage of this erythrodextrin more sugar and 
a dextrin, achroodextrin, which is not colored by iodine, are formed. From 
this achroodextrin after successive splittings we have sugar and dextrins 
of lower molecular weights formed, until finally we have sugar and a dextrin, 
maltodextrin, which refuses to split further, as final products. The views 
are rather contradictory in regard to the number of dextrins which occur 
as intermediate steps. The sugar formed is isomaltose, from which mal- 
tose and only very little dextrose are produced. Another view is that 
first several dextrins are formed consecutively in the successive splittings, 
with hydration, and then finally the sugar is formed by the splitting of 
the last dextrin. According to Moeeaxj, in the first stages of saccharifica- 
tion amylodextrin, erythrodextrin, achroodextrin and sugar are formed 
simultaneously. Other investigators, especially Syniewski, have recently 
suggested other views on this subject.^ . 

* In regard to the various views on the theories of the saccharification of starch, 
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The various dextrins have not as, yet been separated from each other, 
nor isolated as chemical individuals. Eecently Young ^ lias tried their 
separation by means of neutral salts, especially ammonium sulphate, and 
Moreau by the aid of a baryta-alcohol method. We cannot enter into 
the differences as to the dextrins so separated, and only the characteristic 
properties and reactions will be given for the dextrins in general. 

The dextrins appear as amorphous, white or yellowish-white powders 
which are readily soluble in water. Their concentrated solutions are viscid 
and sticky, similar to gum solutions. The dextrins are dextrogyrate. 
They are insoluble or nearly so in alcohol, and insoluble in ether. Watery 
solutions of dextrins are not precipitated by basic-lead acetate. Dextrins 
dissolve cupric hydrate in alkaline liquids, forming a beautiful blue solu- 
tion, which, as is generally admitted, is reduced by pure dextrins. Accord- 
ing to Moreau pure dextrin has no reducing action. The dextrins are not 
directly fermentable. 

The vegetable gums are soluble in water, forming solutions which are viscid 
but may be filtered. We designate, on the contrary, as vegetable mucilages 
those varieties of gum which do not or only partly dissolve in water, and which 
swell up therein to a greater or less extent. The natural varieties of gum and 
mucilage, to which belong several genemlly known and important substances, 
such as gum arabic, wood-gum, cherry-gum, salep, and quince mucilage, and 
probably also the little-studied pectin substances, will not be treated in detail, 
because of their unimportance from a physiological standpoint. 

The Cellulose Group, (C 6 Hio 05 )x. 

Cellulose is that carbohydrate, or perhaps more correctly mixture of 
carbohydrates, which forms the chief constituent of the walls of the plant- 
cells. This is true for at least the walls of the young cells, while in the 
wails of the older cells the cellulose is extensively in crusted with a sub- 
stance called lignin. 

The true celluloses are characterized by their great insolubility. They 
are insoluble in cold or hot water, alcohol, ether, dilute acids, and alkalies. 
We have only one specific solvent for cellulose, and that is an ammoniacal 
solution of copper oxide called Schweitzer^s reagent. The cellulose may 
be precipitated from this solvent by the addition of acids, and obtained as 
an amorphous powder after washing with water. 

Cellulose is converted into a substance, so-called amyloid, which gives 
a blue coloration with iodine by the action of concentrated sulphuric acid. 


see Musculus and Gruber, Zeitschr. f. physiol. Chem., 2; Lintner and Dull, Ber. d. d. 
chem. Gesellscb., 26 and 28; Billow, 1. c,; Brown and Heron, Journ, of Chem. Soc., 1879; 
Brown and Morris, Md.j 1885 and 1889; Moreau, Biochem, CentralbL, 3, 648; Sy- 
niewsM, Annal. d, Chem. u, Pharm., S09, and Chem. Centralbl., 1902, % 

* Joum. of Physiol., 22, which contains the older researches of Nasse, ICriiger, 
-Neumeister, Pohl, and Halliburton. 'Moreau,, L ,c. 
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the action of strong' nitric acid or a mixture of' nitric, acid and concen- 
trated sulphuric acid celluloses are converted into nitric-acid esters or nitro- 
celluloses, which are highly explosive and have found great practical use. 

The ordinary celluloses when treated at the ordinary temperature with 
strong sulphuric acid and then boiled for some time after diluting with 
"water are converted into dextrose. We also have celluloses which Ijeliave 
differently j namely, those which yield mannose on the above treat mcmt. 

HemicelMoses are^ according to E. Schtjlze, those constituents of the 
eeli-wall related to cellulose which differ from the ordinary cellulose by dissolv- 
ing on heating with strongly diluted mineral acids, such as 1.25 per ecnt sulphuric 
acid, and of yielding arabinose, xylose, galactose, and mannose instead of dextrose. 
The hemiceliuloses (from lupin seeds) are hydrolized even by 0.1 per etmt hydro- 
chloric acid and are dissolved, although only slowly, by diastatic enzynios 

(Schulze and Castoro 0* 

■ The cellulose, at least in part, undergoes decomposition in the intestinal 
tract of man and animals. A closer discussion of the nutritive value of 
cellulose will be given in a future chapter (on digestion). The great im- 
portance of the carbohydrates in the animal economy and to animal metab- 
olism will also be given in the following chapters. 


^ E. Schulze, Zeitschr. f. physiol. Chem., 16 and 19, with Castoro, ihid., 36. 



CHAPTER IV. ■ ■ 

THE ANIMAL, EATS. 

The fats form the third chief group of the organic food of man and 
animals. They occur very widely distributed in the animal and plant 
kingdoms. Fat occurs in all organs and tissues of the animal organism, 
though the quantity may be so variable that a tabular exhibit of the amount 
of fat in different organs is of little interest. The marrow contains the 
largest quantity, having over 96 per cent. The three most important 
deposits of fat in the animal organism are the intermuscular connective 
tissue, the fatty tissue in the abdominal cavity; and the subcutaneous con- 
nective tissues. In plants, the seeds and fruit and in certain instances 
also the roots, are rich in fat. 

The fats consist almost entirely of so-called neutral fats with only very 
small quantities of fatty acids. The neutral fats are esters of the triatomic 
alcohol; glycerine, "with monobasic fatty acids. These esters are triglycerides, 
that is, the hydrogen atoms of the three hydroxyl groups of the glycerine 
are replaced by the fatty-acid radicals, and their general formula is there- 
fore CsHsOb.Rs. The animal fats consist chiefly of esters of the three fatty 
acids, stearic, palmitic, and olmc acids. In certain fats, especially in milk- 
fat, glycerides of fatty acids such as butyric, caproic, caprylic, and capric 
acids also occur in considerable amounts. Besides the above-mentioned 
ordinary fatty acids, stearic, palmitic, and oleic acids, we also find in human 
and animal fat, exclusive of certain fatty acids only little studied, the fol- 
lowing non-volatile fatty acids, as glycerides, namely, lauric acid, Ci2H2402? 
myristic acid, C14H28O2, and arachidic acid, C20H40O2. In the plant king- 
dom triglycerides of other fatty acids, such as lauric acid, myristic acid, 
iinoleic acid, emcic acid, etc., sometimes occur abundantly. Besides these, 
oxy acids and high molecular alcohols have been found in many plant fats. 
The extent to which traces of these oxy acids occur in the animal kingdom has 
not been thoroughly investigated, but the occurrence of monoxystearic acid 
j seems to have ^ been proven.^ The occurrence of high molecular alcohols, 


/_Erben, Zeitschr. f, physiol. Chem.‘,S 0 ;' ^Bemorfc, Arch. f. 
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although ordinarily only,, in small amounts, has on the contrary been post- 
tively shown in animal fat. 

The animal fats are of the greatest interest and consist of a mixture of 
varying quantities of tristearin, tripalmitin, and triolein, having an 
average elementary composition of C 76.5, H 12.0, and 0 11.5 per cent. 
It must be remarked that in animal fat (mutton and beef tallow) as well 
as in plant fat (olive-oil) mixed triglycerides, such as^dipalmityl-olein; 
distearyl-palmitin and distearyl-olein, occur and that these mixed glycerides 
may also be prepared synthetically.^ 

Fats from different species of animals, and even from different parts of 
the same animal, have an essentially different consistency, depending upon 
the relative amounts of the different individual fats present. In solid fats 
— as tallow—tristearin and tripalmitin are in excess, while the less solid 
fats are characterized by a greater abundance of tripalmitin and triolein. 
This last-mentioned fat is found in greater quantities proportionally in 
cold-blooded animals, and this accounts for the fact that the fat of these 
animals remains fluid at temperatures at which the fat of warm-blooded 
animals solidifies. Human fat from different organs and tissues contains, 
in full numbers, 67-85 per cent triolein The melting-point of different 
fats depends upon the composition of the mixtures, and it not only varies 
for fat from different tissues of the same animal, but also for the fat from 
the same tissues in various kinds of animals. 

Neutral fats are colorless or yellowish and, when perfectly pure, odorless 
and tasteless. They are lighter than water, on which they float when in a 
molten condition. They are insoluble in water, dissolve in boiling alcohol, 
but separate on cooling — often in crystals. They are easily soluble in 
ether, benzene, and chloroform. The fluid neutral fats give an emulsion 
when shaken mth a solution of gum or albumin. With water alone they 
give an emulsion only after vigorous and prolonged shaking, but the 
emulsion is not persistent. The presence of some soap causes a very fine 
and permanent emulsion to form easily. Fat produces spots on paper 
which do not disappear; it is not volatile; it boils at about 300® C, with 
partial decomposition, and bums with a luminous and smoky flame. The 
fatty acids have most of the above-mentioned properties in common with 
the neutral fats, but differ from them in being soluble in alcohol-ether, in 
having an acid reaction, and by not giving the acrolein test. The neutral 
fats generate a strong irritating vapor of acrolein, due to the decomposition 
of glycerine, C3H5(0H)3-2H20-C3H40, when heated alone, or more 

‘ Guth, Zeitsohr. f. Biologie, U; W, Hansen, Arch. f. Hygiene, 42; Holde and 
Stange, Ber. d. d. chem. Gesellsch., 34; Kreis and Hafner, ibid., 36. 

’ See Knopfelmacher, “Untersuch. iiber das Fett im SSuglingsalter,” etc., Jahrbuch 
f. Kinderheilkunde (N. P.), 45, which also contains the older literature; JaecUe, 
Zeitschr. f. physiol. Chem., 36. 
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■easily when heated with potassium bisulphate , or with other dehydrating 
substances. 

The neutral fats may be split by the addition of the constituents of 
water according to the following equation : C3H5(OR)3 + 3H2O = C3H5(OH)3 
-fSHOR. This splitting may be produced by the pancreatic enzyme and 
other enzymes occurring in the animal and vegetable kingdoms, or by 
superheated steam. We most frequently decompose the neutral fats by 
boiling them with not too concentrated caustic alkali, or, still better (in 
biochemical researches), with an alcoholic potash solution or with sodium 
alcoholate. By this procedure, which is called saponification, the alkali 
salts of the fatty acids (soaps) are formed. If the saponification is made 
with lead oxide, then lead plaster, the lead salt of the fatty acids, is pro- 
duced. By saponification is to be understood not only the cleavage of 
neutral fats by alkalies, but also the splitting of neutral fats into fatty 
acids and glycerine in general. 

On keeping fats for a long time in contact with air they undergo a change, 
becoming yellow in color and acid in reaction, and they develop an 
unpleasant odor and taste, becoming rancid. In this change a part of the 
fat is split into fatty acids and glycerine, and then an oxidation of the 
free fatty acids takes place, producing volatile bodies of an unpleasant 
odor. 

The three most important fats of the ahimal kingdom are stearin^ 
palmthn, md olein. 

CH2O.C18H35O 

Stearin or tristearin, CsTHuoOe^CHO.CisHssO, occurs especially in 

CH2O.C58H35O 

the solid varieties of tallows, but also in the vegetable fats. Stearic acid, 
C18H36O2, is found in the free state in decomposed pus, in the expectora- 
tions in gangrene of the lungs, and in cheesy tuberculous masses. It 
occurs as lime soap in excrements and adipocere, and in this last product 
also as an ammonium soap. It also exists as alkali soap in the blood, bile, 
transudations and pus, and in the urine to a slight extent. 

Stearin is the hardest and most insoluble of the three ordinary neutral 
fats. It is nearly insoluble in cold alcohol, and soluble with great difficulty 
in cold ether (225 parts). It separates from warm alcohol on cooling as 
rectangular, less frequently as rhombic plates. The statements in regard 
to the melting-point are somewhat varied. Pure stearin, according to 
Heintz,^ melts transitorily at 55 ® and permanently at 71 . 5 ®. The stearin 
from the fattv tissues (not pure) melts at 63 ® C. . : 

CH3 

Stearic acid, (CH2)i6? crystallizes (on cooling from boiling alcohol) in 
^ Annal. d. Chem. ti^Pharm., t 2 . 
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large, sliming, long rhombic scales or plates. It is less soIu])le than the 
other fatty acids and melts at 69.2° C. Its barium salt contains 19.49 per 
cent barium, and its silver salt contains 27.59 per cent silver* 

CHsO.CieHsiO 

, ' / Palm or tripalmitin, C 5 iH 9806 = CH0.Ci6H3i0. Of the two solid 

CHsO.CieHsiO 

varieties of fats, palmitin is the one which occurs in predominant quan- 
tities in human fat (Langer i). Palmitin is present in all animal fats and 
in several kinds of vegetable fat. A mixture of stearin and palmitin svas 
formerly called margarin. As to the occurrence of palmitic acid, Ci6pl3202j, 
about the same remarks apply as to stearic acid. The mixture of these 
two acids has been called margaric acid, and this mixture occurs — often 
as very long, thin, crystalline plates — in old pus, in expectorations from 
gangrene of the lungs, etc. 

Palmitin crystallizes, on cooling from a warm saturated solution in ether 
or alcohol, in starry rosettes of fine needles. The mixture of palmitin and 
stearin, called margarin, crystallizes, on cooling from a solution, as balls or 
round masses w^hich consist of short or long, thin plates or needles wdiich 
often appear like blades of grass. Palmitin, like stearin, has a variable 
melting and solidifying point, depending upon the way it has been pre- 
viously treated. The melting-point is often given as 62° C. According 
to other statements,^ it melts at 50.5° C., solidifies on further heating, 
and melts again at 66.5° C. 

CHs 

Palmitic acid, (CH 2 )i 4 , crystallizes from an alcoholic solution in tufts 
COOH 

of fine needles. It melts at 62° C.; still the admixture with stearic acid, 
as Hfjntz has shown, essentially changes the melting- and solidifying-points 
according to the relative amounts of the tw^o acids. Palmitic acid is some- 
what more soluble in cold alcohol than stearic acid; hut they have about 
the same solubility in boiling alcohol, ether, chloroform, and benzene. Its 
barium salt contains 21.17 per cent barium, and the silver salt contains 
29.72 per cent silver. 

CH2O.C18H3BO 

Olein, or triolein, C 57 H 104 O 6 — CHO.C 18 H 33 O, is present in all animal 

CH2O.C18H33O 

fats, and in greater quantities in vegetable fats. It is a solvent for stearin 
and palmitin. The oleic acid (elaic acid), C 18 H 34 O 2 , has as soaps probably 
about the same occurrence as the other fatty acids. 

Olein is, at ordinar}^ temperatures, a nearly colorless oil of a specific 


? Monatsheftc f, Ch^m., 2;. see also; Jaeekle, 2eitschr. f. physiol. Chem., ^6. 
Benedikt, Analyse der Fette,‘ 3: Aufi., 1897, p. 44. " 
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gravity of 0.914/ without odor or marked taste, and solidifies in cr}?^stalime 
needles at —6® G. It becomes rancid quickly if exposed to the air. It 
dissolves with difEculty in cold alcohol, but more easily in warm alcohol 
or in ether. It is converted into its isomer, elaidin, by nitrous acid. 

■ „ CHs , , 

(CH2)7^ • 

CH 

Oleic acid, /forms on heating, besides volatile acids, sehacic acid^ 

(CH2)7,'' 

COOH 

G 10 H 18 O 4 , which crystallizes in shining leaves and melts at 127° C. With 
nitrous acid oleic acid is transformed into the isomeric solid elaidic acid ^ 
which melts at 45° C. Oleic acid forms at ordinary temperature a colorless, 
tasteless, and odorless oily liquid which solidifies in crystals at about 4° C., 
wtich then melt again at 14° C. Oleic acid is insoluble in water, but dis- 
solves in alcohol, ether, and chloroform. With concentrated sulphuric 
acid and some cane-sugar it gives a beautiful red or recldish- violet liquid 
whose color is similar to that produced in Pettenkofer’s test for bile- 
acids. Oleic acid is an unsaturated fatty acid which can take up halogens- 
On heating with hydriodic acid and amorphous phosphorus it takes up 
hydrogen and is converted into stearic acid. Oleic acid readily oxidizes 
in the air, yielding acid products. The monoxystearic acid found in 
certain animal fats may be formed from oleic acid by oxidation. The 
barium salt of oleic acid contains 19.65 per cent barium and the silver salt 
27.73 per cent silver. 

If the watery solution of the alkali compounds of oleic acid is pre- 
cipitated with lead acetate, a white, tough, sticky mass of lead oleate is 
obtained wiiich is not soluble in winter and only slightly in alcohol, but is 
soluble in ether. This salt is more easily soluble in benzene than the lead 
salts of stearic and palmitic acids, and this behavior of the lead salts towrards 
ether and benzene is made use of in separating oleic acid from the other 
fatty acids. 

An acid related to oleic acid, boeglic acid, which is solid at 0° C., liquid at 
16° C., and soluble in alcohol, is found in the blubber of the Baioena rostrata. 
IvuRBATOFF ^ lias demonstrated the presence of bnoleic acid in the fat of the silurus, 
sturgeon, seal, and certain other animals. Drying fats have also been found by 
Amthor and Zink ^ in hares, wild rabbits, wild boar, and mountain-cock. 

To detect the presence of fat in an animal fluid or tissue the fat must 
first be shaken out or extracted with ether- After the evaporation of the 
ether the residue is tested for fat and the acrolein test must not be neg- 
lected. If this test gives positive results, then neutral fats are present; 
if the results are negative, then only fatty acids are present.- - If the above 

^ Malyhs Jahresber., 22. ^ Zeitschr. f. analyii: \ 
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residue .after evaporation' gives the acrolein test ^ then a small' portion^ is 
dissolved in alcohol-ether free from acid and which has been colored bluish 
violet by ttncture of aikanet. If the color becomes red, a mixture of 
neutral fat and fatty acids is present. In this case the fat is treated while 
warm with a soda solution and evaporated on the water-bath, with constant 
stirring until all the water is removed. The fatty acids hereby combine 
with the alkali, forming soaps, while the neutral fats are not saponified 
under these conditions. If this mixture of soaps and neutral fats is 
treated with water and then shaken with pure ether, the neutral fats are 
dissolved, while the soaps remain in the watery solution. The latty acids 
may be separated from this solution by the addition of a mineral acid 
which sets the acid free. 

The neutral fats separated from the soaps by means of^ether are often 
contaminated with cholesterin; which must be sepai^ated in quantitative 
determinations by saponification with alcoholic caustic potash. The 
cholesterin is not attacked by the caustic alkali, while the neutral fats 
are saponified. After the evaporation of the alcohol the residue is dissolved 
in water and shaken with ether, which dissolves the cholesterin. The fatty 
acids are separated from the watery solution of the soaps by the addition 
of a mineral acid. If a mixture of soaps, neutral fats, and fatty acids is 
originally present, it is treated first with water, then agitated with ether 
free from alcohol, which dissolves the fat and fatty acids, while the soaps 
remain in the solution, with the exception of a very small amount which is 
dissolved by the ether. 

To detect and to separate the different varieties of neutral fats from 
each other it is best first to saponify them with alcoholic potash, or still 
better with sodium alcoholate, according to Kossel, Obermuller, and 
Krxjger.^ After the evaporation of the alcohol the salts of the fatty acids 
are dissolved in water and precipitated with sugar of lead. The lead oleate 
is then separated from the other two lead salts by repeated extraction with 
ether, but it must be remarked that the lead salts of the other fatty acids 
are not quite insoluble in ether. The residue insoluble in ether is decom- 
posed on the water-bath with an excess of soda solution, evaporated to 
dryness, finely pulverized, and extracted with boiling alcohol. The alco- 
holic solution is then fractionally precipitated by barium acetate or barium 
chloride. In one fraction the amount of barium is determined, and in the 
other the melting-point of the fatty acid set free by a mineral acid. The 
fatty acids occurring originally in the animal tissues or fluids as free adds 
or as soaps are converted into barium salts and investigated as above. 
According to Jaeckle,^ it is better to isolate the fatty acids as silver satis. 
This same experimenter also considers it more advisable to dissolve the lead 
salts in^ warm benzene, as suggested by Parnsteiner, and to obtain the 
crystalline lead salts of the solid fatty acids by cooling. 

In addition to the methods already suggested there are other chemical meth- 
ods which are important in investigating fats. Besides ascertaining the melting- 
and congealing-point we also determine the following: 1. The acid equivalent, 
which is a measure of the amount of fatty acids in a fat and is determined by 
titrating the fat dissolved in alcohol-ether with N/10 alcoholic caustic potash, 
using phenolphthalein as indicator. 2, The saponification equivalent, which gives 

' Zeitschn t physiol. Chem., 14 , 15, and 16. 

56. 
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the milligrams of caustic potash united with the fatty acids in the saponification 
of 1 gram fat with N/2 alcoholic caustic potash. 3. Reichert-Meissl’s egmw- 
lentj which gives the quantity of volatile fatty acids contained in a given amount 
of neutral fat (5 grams). The fat is saponified, then acidified with mineral acid 
and distilled, whereby the volatile fatty acids pass over and the distillate is 
titrated with alkali. 4. Iodine equivalent is the quantity of iodine absorbed by a 
certain amount of the fat by addition. It is chiefly a measure of the quantity 
of unsaturated fatty acids, principally oleic acid or olein, in the fat. Other bodies, 
such as cholesterin, may also absorb iodine or halogens. The iodine equiva- 
lent is generally determined according to the method suggested by v. Hubl, 
5. The acetyl equivalent. Oxyacids, alcohols such as cetyl alcohol or cholesterin, 
and those constituents of fats containing the OH group are transformed into the 
corresponding acetyl ester on boiling with acetic anhydride, while the fatty acids 
remain unchanged, and in this way the estimation of these bodies is possible. The 
fat is saponified, the soaps decomposed by an excess of acid, and the mixture 
of fatty acids, oxyfatty acids, cholesterin, etc., boiled with acetic anhydride. 
The acid equivalent is determined in a weighed part of the carefully washed 
acetic-acid-free mixture by titration with alcoholic caustic potash. This acid 
equivalent represents all the acids (fatty acids as well as the acetyiated oxyacids), 
and it is designated the acetyl-acid equivalent. The neutral fluid is now titrated 
with an exactly measured, suflScient quantity of the same alkali and the acetyl 
compounds saponified by boiling. On retitrating we find the quantity of alkali 
used in saponification, and this number, calculated to 100 parts of the fat, repre- 
sents the acetyl equivalent. In regard to the performance of the above-mentioned 
different estimations we must refer the reader to more complete works, such as 
"^Analysis of Fats and Waxes, R. Benedikt, 1897. 

In the quantitative estimation of fats the finely divided dried tissues 
or the finely divided residue from an evaporated fluid is extracted with 
ether, alcohol-ether, benzene, or any other proper extraction medium. The 
investigations of Dormeyer^ and others, carried on in PFLiiGER’s labora- 
tory, have shown that even with very prolonged extraction with ether all the 
fat is not extracted. First extract the greater part of the fat by ether. 
Then digest with pepsin-hydrochloric acid, colieet the insoluble residue on 
a filter, dry, and extract with ether. The fat is extracted from the filtrate 
by shaking vith ether, evaporating the extract and the fat separated from 
other bodies by extracting the residue with petroleum ether. Lecithin 
and other bodies are dissolved by the various solvents, hence the results 
for the fats may be too high. This is especially the case on using the saponi- 
fication method ^ suggested by Liebermanist and SziiKELY, whereby the leci- 
thins as well as the fats are saponified- Glikin ^ recommends as the best 
procedure the extraction with boiling petroleum ether and the removal of 
the lecithin by acetone, in which it is insoluble. 

The fats are poor in oxygen, but rich in carbon and hydrogen. They 
therefore represent a large amount of chemical potential energy, and yield 
correspondingly large quantities of heat on combustion. They take first 

^On fat extraction for quantitative estimation see Dormeyer, Pfliiger^s Arch., 61 
and 65; Bogdanow, ibid,, 65, 68, and Arch. f. (Anat. u.) physiol, 1897, 149; N. Schulz, 
Pfliiger^s Arch., 66; Voit and Krummacher, Zeitschr, f. Bioiogie, S5; 0, Frank, 

S5; Polimanti, Pfliiger’s Arch., 70; J. Nerking, ibid., 71. 

^Pfliiger's Arch., 72, and Liebermann, ibid,, lOS. . 

^ Ibid., 95, 
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rank among: the foods in this regard, and are therefore of very great 
importance in animal life. We will speak more in detail of this signifi- 
cance, also of fat formation and of the behavior of the fats in the body, in 
the following chapters. 

The LECITHINS, which stand in close relationship to the fats, will be 
treated in a subsequent chapter (V). The following bodies are related 
to the ordinary animal fats. 

Spermaceti. In the living spermaceti or white ’whaie there is found in a large 
cavity in the skull an oily liquid called spermaceti, which on cooling after death 
separates into a solid crystalline part ordinarily called spermaceti, and into a 
liquid, SPERMACETI-OIL. This last is separated by pressure. Spermaceti is also 
found in other whales and in certain species of dolphin. 

The purified, solid spermaceti, which is called cetin, is a mixture of esters of 
fatty acids. The chief constituent is the cetyl-palmitic ester mixed^ with sinali 
quantities of compound esters of lauric, myristic, and stearic acids with radicals 
of the alcohols, lethal, methal, CmHod-OH, and stethal, CitHsr.OH. 

Cetin is a siio’w- white mass shining like mother-of-pearl, crystallizing in plates, 
brittle, fatty to the touch, and which has a varying melting-point of 30"^ to 
50^0,, depending upon its purity, Cetin is insoluble in water, but dissolves 
easily in cold ether or volatile and fatty oils. It dissolves in boiling alcohol, 
but crystallizes on cooling. It is saponified with difficulty by a solution of caustic 
potash in water, but with an alcoholic solution it saponifies readily and the above- 
mentioned alcohols are set free. 

CH3 

Etha! or cetyl alcohol, Ci6H340 = (CH3)i4, which occurs in smaller quar titles 

CH3.OH 

in beeswax, and was found by Ludwig and v. Zeynek ^ in the fat from dermoid 
cysts, forms white, transparent, odorless, and tasteless crystals wffiich are insoluble 
in water but dissolve easily in alcohol and ether. Ethal melts at 49. 5^^ C. 

Spermaceti-oil yields on saponification valerianic acid, small amounts of 
solid fatty acids, and physetoleic acid. This acid, which has, like hypogceic 
acid, the composition Cie5H3o02, occurs also, as found by Ljubarsky,'-^ in con- 
siderable amounts in the fat of the seal. It forms colorless and odorless needle- 
shaped crystals which easily dissolve in alcohol and ether and melt at 34^ C. 

^ Beeswax may be treated here as concluding the subject of fats. It con-' 
tains three chief constituents: (1) cerotic acid, C2P,Hr>202,^ which occurs as cetyl 
ether in Chinese wax and a,s free acid in ordinary wax. " It dissolves in boiling 
alcohol and separates as crystals on cooling. The cooled alcoholic extract of 
wax contains (2) cerolein, wdiich is probably a mixture of several bodies, and 
(3) MYRiciN, which forms the chief constituent of that part of wax which is in- 
soluble in warm or cold alcohol. Myricin consists chiefly of palmitic-acid ester 
of melissyl (rnyricyl) alcohol, Cs^Hoi.OH. This alcohol is a silky, shining, crys- 
talline body melting at 85^ C. 


^ Zeitschr. f. physiol. Chem., 23, 

^ Journ. f. prakt, Chem. (N. F.), 57. 

^ See Henriques, Ber. d. deutsch. chem. Geselisch., 30, 1415. 
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The cell is the unit of the manifold variable forms of the organism; it 
forms the simplest physiological apparatus, and as such is the. seat of 
chemical processes. It is generally admitted that all chemical processes 
of importance do not take place in the animal fluids, but transpire in the 
cells, hence the cell may be considered as the chemical laboratory of the 
organism. It is also principally the cells which, through their greater or 
less activity, regulate or govern the range of the chemical processes, and 
also the extensiveness of the total exchange of material. 

It is natural that the chemical investigation of the animal cell should 
in most cases be in reality a study of those tissues of which it forms 
the chief constituent. Only in a few cases can the cells, by relatively 
simple manipulations, be directly isolated in a rather pure state from the 
tissues, as, for example, in the investigation of pus or of tissues very rich 
in cells. But even in these cases the chemical investigation may not lead 
to any positive results in regard to the constituents of the uninjured living 
cells. By the process of chemical transformation new substances may be 
formed on the death of the cell, and at the same time physiological con- 
stituents of the cell may be destroyed or transported into the surrounding 
medium and therefore escape investigation. For this and other reasons 
we possess only a very limited knowledge of the constituents and the com- 
position of the cell, especially of the living one. 

While young cells of different origin in the early period of their exist- 
ence may show a certain similarity in regard to form and chemical com- 
position, they may, on further development, not only take the most varied 
forms, but may also offer from a chemical standpoint the greatest diversity. 
As a description of the constituents and composition of the different cells 
occurring in the animal organism is nearly equivalent to a demonstration 
of the chemical properties of most animal tissues, and as this exposition 
will be found in the corresponding chapters, we will here discuss only the 
chemical constituents of the young cells or cells in general. , 

In the study of these const itueuts we are confronted with another 
difficulty, namely, we' must differentiate by chemical research 'between 
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those constituents which are essentially necessary for the life of the cells 
and those which are casual,' i.e., stored up as reserve material or as .meta- 
bolic products. In this connection we have only been able, thus far, to 
learn of certain substances which seem to occur in every developing cell 
Such bodies, called PRIMARY by Kossel,i are, besides water and certain 
mineral constituents, proteins, nucleoproteids or nucleins, lecithins, gly- 
cogen (?), and cholesterin. Those bodies which do not occur in every 
developing cell are called secondary. Among these we have fat, gly-; 
eogen {?), pigments, etc. It must not be forgotten that it is still possible 
that other primary cell constituents may exist, as yet unknown to us, and 
we also do not know whether all the primar}^ constituents of the cell are 
necessar}^ or essential for the life and functions of the same. 

Another important^ question is the division of the various cell constit- 
uents between the two morphological components of the cell, namely, the 
protoplasm and the nucleus. This is very difficult to decide for many of 
the constituents; nevertheless it is appropriate to differentiate between 
the protoplasm and the nucleus. 

The Protoplasm of the developing cell consists during life of a semi- 
solid mass, contractile under certain conditions and readily changeable, 
which is rich in water and whose chief portion consists of protein sub- 
stances, i.e., of colloids. If the cell be deprived of the physiological con- 
ditions of life, or if exposed to destructive exterior influences, such as the 
action of high temperatures or of chemical agents, the protoplasm dies. The 
protein bodies which it contains coagulate at least partially, and other 
chemical changes are found to take place. The alkaline reaction (litmus) 
of the living cell may become acid by the appearance of paralactic acid, 
and the carbohydrate, glycogen, which habitually occurs in many cells, 
may after their death be quickly changed and consumed. 

The question as to the internal structure of the protoplasm is still in 
controversy. It is of little importance in the study of the chemical com- 
position of the cells, as it is impossible to study, especially by chemical 
means, the morphologically different constituents of the protoplasm. With 
the exception of a few microchemical reactions the chemical analysis has 
been restricted to the protoplasm as such, and the investigations have 
been directed in the first place to the protein substances which form the 
chief mass of the protoplasm. 

The proteins of the protoplasm consist, according to the older general 
view, chiefly of globulins. Albumins have also been found besides the 
globulins. There is no doubt at present that the albumins occur in the 
cells only as traces, or at least only in triflmg quantities. The presence of 
globulins can hardly be disputed, although certain cell constituents de- 


^ Verhandi. d. physiol Geseiisch. zn Berlin, 1890-91 Nos. 5 and 6. 
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scribed as globulins have been shown on closer investigation to be 
nucleoalbumins or nucleoproteids. According to Hallibueton ^ the 
protein occurring in all cells and coagulating at 47-50® C. is a true 
globulin., ^ 

In opposition to the view that the chief mass of the animal cell consists 
of true proteids, Hammarsten^ expressed the opinion several years ago 
that the chief mass of the protein substances of the cells does not consist 
of proteids in the ordinary sense^ but consists of more complex phosphor- 
ized bodies, and that the globulins and albumins are to be considered as 
nutritive material for the cells or as destructive products in the chemical 
transformation of the protoplasm. This view has received substantial 
support by investigations within the last few years. Alex. Schmidt^ has 
come to the view, by investigations on various kinds of cells, that they 
contain only very little proteid, and that the chief mass consists of very 
complex protein substances. 

The protein substances of the cells consist chiefly of com'pound proteidSj 
and these are divided between the glucoproteid and the nucleoproteid 
groups. It is impossible at present to state to what extent nucleoalbumins 
exist m the cells, because thus far in most cases no exact difference has been 
made between them and the nucleoproteids. Hoppe-Seylee ^ calls mtellin 
a regular constituent of all protoplasm. This body used to be considered 
as a globulin, but later researches have shown that the so-called vitellin 
bodies may be of various kinds. Certain vitellins seem to be nucleo- 
albumins, and it is therefore very probable that cells habitually contain 
nucleoalbumins. 

The nmleoproieids take a very prominent place among the compound 
proteids of the cell. The various substances isolated by different investiga- 
tors from animal cells, such as tissue-fibrinogen (Wooldridge), cytoglobin 
and prdglobulin (Alex. Schmidt), or nucleohistone (Kossel and Lilien- 
FELD®), belong to this group. The cell constituent which swells up to a 
sticky mass with common salt solution and is called Rovida's hyaline sub- 
stance also belongs to this group. 

The above-mentioned different protein substances have simply been 
designated as constituents of the cells. The next question is which of 
these belong to the protoplasm and which to the nucleus. At present 
we can give no positive answer to this question. According to Kossel 


^ See Halliburton, On the Chemical Physiology of the Animal Cell, 1893, No. 1, 
King’s College Physiol. Laboratory, 

* Pfluger’s Arch., 36, 449. 

® Alex. Schmidt, Zur Blutlehre, Leipzig, 1892. ; 

^Physiol. Chem., 1877-1881, 76. ^ 

®See L. C. Wooldridge, Die Gerinnung des Blutes, Leipzig, 1891; A, Schmidt, 
Zur Blutlehre; Lilienfeld, Zeitschr. f. physiol. Chem., 18. ^ v 
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^ cell-nucleus' of the leucocytes of the, thymus gland 

contains a nucieoproteid as chief constituent, besides nucleins, and some- 
times perhaps also nucleic acid (see below), while the body of the ceils 
contains chiefly pure proteids, besides other substances, and a nucieo- 
proteid, containing only a very small quantity of phosphorus. As the 
lymphocytes of the thymus gland of the calf contain only one nucleus, in 
%vhich the mass of the nucleus surpasses that of the cytoplasm, it is natural 
that the relative proportion of the various protein substances in these cells 
cannot be taken as a standard for the composition of other cells richer in 
cytoplasm. 

Complete investigations in regard to the distribution of protein sub- 
stances in the protoplasm and nucleus of other cells have not been made. 
If we consider for the present that the cells rich in protoplasm contain, as 
a rule, only very little true proteid, we are hardly wrong in considering it 
probable that the protoplasm contains chiefly nucleoalbumins and con> 
pound proteids besides traces of albumin and a little globulin. These com- 
pound proteids are in certain cases glucoproteids, but otherwise niicleo- 
proteids, which differ from the nucleoproteids of the nucleus in being 
poorer in phosphorus, besides containing a great deal of proteid and only 
a little of the prosthetic group, and hence have no specially pronounced 
acid character. 

The nucleoproteids of the nucleus are on the contrary, as shown by 
Lilienpeld and Kossel, rich in phosphorus and of a strongly acid charac- 
ter. These nucleoproteids will be treated in speaking of the nucleic acids 
of the nucleus. 

In cases in which the protoplasm is surrounded by an outer, condensed 
layer or a cell membrane, this envelope seems to consist of albuminoid 
substances. In a few cases these substances seem to be closely related to 
elastin; in other cases, on the contrary, they seem rather to belong to the 
keratin group. Even in cells which do not seem to have any visible special 
layers forming boundaries, we still admit of such layers on account of the 
behavior of the cells as regards permeability. 

Neenst^ has shown by a special experiment that the permeability of a 
membrane for a certain substance is essentially dependent upon the sol- 
vent power of the membrane for the said substance. This point, which 
is of the greatest importance in the study of osmotic phenomena in living 
cells, has been specially investigated by Overton.^ The behavior of tlie 
living cells towards dyestuffs, also the ready introduction into animal 

^ Ueber die Wahlverwandtschaft der Zellelemente zu gewisseii Farbstofferi, Ver- 
handl d. physiol. Gesellsch. zn Berlin, No. 11 ^ 1893. , , 

^Zeitschr. f. physikal Chem., 6. 

, 3 Vierteijahrssehr. d. Naturi Oes. in Zurich, 44' (1899), 'and Overton, Studien ilfoer ' 
die Narkose, Jena, 190L' - ^ . • . , 
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and plant, protoplasm of such bodies as ’ are 'insoluble or only slightly 
soluble in water but readily soluble in fats or fat-like bodies^ has led 
OvEETON to conclude that the protoplasm-boundary layer behaves like a 
substance layer whose solvent power is closely related to the fatly oils. 
According to this investigator, the protoplasm-boundary layer is probably 
impregnated with lipoids, i.e., with lecithins, cholesterin, and bodies similar 
to prot agon, and among which lecithin, which also takes up water, must 
' be of the greatest importance. , ■ 

The cholesterins and the protagons will be best treated in another 
connection (see Chapters VIII and XII). , We will discuss here only the 
lecithins, which are present in every cell. 

Lecithins. These bodies are ester compounds^ of glycerophosphoric 
acid substituted by two fatty-acid radicals with a base called choline. 
According to the kind of fatty acid contained in the lecithin molecule it 
is possible to have various lecithins, such as stearyl-, palmitjd-, and oleyl- 
lecithins. According to Thudichum^ two different fatty acids may exist 
simultaneously in one lecithin, and according to him every true lecithin 
ahvays contains at least one oleic-acid radical. All leeithins are mono- 
nitrogenous monophosphatides, which contain 1 atom of nitrogen for 
■every atom of phosphorus. As an example of a lecithin w^e give the one 
closely studied by Hoppe-Seyler and Diaconow,^ called distearyl-Iecithin, 

CH 2 -O-C 18 H 35 O 

CH- O-CisHssO 

, C44H90NPO9- CH 2 --OV 

HO-^PO. 

/G2H4~0/ 

Nf(CH3)3 

\OH 

According to Henriques and Hansen^ the iodine equivalent of the 
fluid fatty acids obtained from egg as well as brain lecithin is higher than 
that of oleic acid, hence it follows that the lecithins contain other fatty 
acids besides stearic, palmitic, and oleic acids. 

Erlandsen ® in a specially thorough and careful investigation has studied 
the phosphatides of the ox heart and ox muscles. The lecithin had the 
same composition as that from the egg-yolk. The iodine equivalent as 


^ Strecker, Annal. d. Chem. u. Pham.^ 148 ; Hundeshagen, Journ. f. prakt. Chem. 
(N. F.), 28; Gilson, Zeitschr. f. physiol. Chem., 12 . ' 

2 J. L. W. Thudichum, Die ehemische Konstitution des Gehirns des Menschen, etc., 
•Tiibihgeii, 1901, ' • ‘ 

■ ' ® Hoppe-Seyler Med. chem. Untersuch., Heft 2 and 3. . ■.-! 

^ Skand. Arch. f. Physiol., 14. ■ ' 

®A. W. E. ErIandsen,IJnders5geteo,verH|ertets Pho^hatider, Copenhagen, ISiOS*'.! - 
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' welLas' t^^ the fatty acids occurring in the lecithin mole- 

cule are very poor in hydrogen and belong in part to the linolic or linolenic 
acid series. Diaminomonophosphatides, i.e., compounds in which the 
relationship N:P is not, as in lecithin, 1 : 1 , but 2 : 1 , occur in the muscles, 
but chiefly in the heart muscle. These phosphatides are isolated as metal- 
lic salts, and the cadmium compound of the diaminomonophosphatide 
obtained from the heart had the composition C 4 oH 75 N 2 POi 2 . 2 CdCl 2 . 
Erlandsen has isolated a new phosphatide from the heart, which he 
calls cuorin and which belongs to the group of monaminodiphosphatides, 
in which the relation of N:P is 1:2. This cuorin, which occurs only in 
traces in other muscles, contains two phosphoric-acid radicals which in 
part are united with glyceryl. Besides these it contains two residues of 
strongly unsaturated fatty acids and a basic radical, which is not identical 
with choline. The empirical formula is C 71 H 125 NP 2 O 21 * Guorin is soluble 
in ether but insoluble in alcohol, and is characterized by a very great auto- 
oxidizability. It is obtained in the amorphous state. The monaminophos- 
phatides (lecithin and cuorin) can be directly extracted from the air-dried 
and finely divided organs, and to all appearances occur in the free state. 
The diaminophosphatides are also soluble in ether, but cannot be directly 
extracted by ether, but only after a previous treatment with alcohol, and 
therefore probably exist in combination with proteins. 

WiNTERSTEiN and Hiestanb,! and previous to them Schulze and Win- 
TERSTEiN, have isolated from different parts of plants, lecithin preparations 
which are poorer in phosphorus than the ordinary lecithin, containing as a 
maximum 2.74 per cent phosphorus, and which on cleavage with dilute 
mineral acids yielded, besides fatty acids, glycerophosphoric acid, and 
choline, also considerable quantities of hexoses, indeed 16 per cent. The 
hexoses were d-glucose and d-galactose, and besides these small quantities 
of pentoses were found. These phosphatides seem to be widely distributed 
in the plant kingdom. 

On saponification with alkalies or baryta-water, lecithin yields fatty 
acids, glycerophosphoric acid, and choline. It is only slowly decomposed 
by dilute acids. Besides small quantities of glycerophosphoric acid we 
have large quantities of free phosphoric acid split off. 

CH^.OH 

0 iycerop!iosplioric acid, CaHgPOG^GH.OH , is a bibasic acid which prob- 

CH,— 0\ 

OH-^PO 

ably occurs m the animal fluids and tissues only as a cleavage product of lecithins. 
According to WinnsTATTER and Ltoecke ^ the g lycerophosphoric acid split off 
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from lecithins is optically active. Its barium and potassium salts are levorota- 
tory and behave in certain regards differently from the corresponding salts of 
synthetically prepared glycerophosphoric acid. 

Choline (trimethyloxyethylammoniumhydroxide),CsHi 5 N 02 ==N~ ( 0113)3 . 

\OH 

which occurs extensively in the plant kingdom, is . not identical with the base, 
NEURiNB, prepared by Liebreich as a decomposition product from the brain, 
which is considered as trimethylvinylarnmonium hydroxide, C 5 H 13 NO. Choline 
is a syrupy fluid readily miscible with absolute alcohol. Hydrochloric acid gives a 
compound which is very soluble in water and alcohol, but insoluble in ether, 
chloroform, and benzene. This compound forms a double combination with plati- 
num chloride which is soluble in water, insoluble in absolute alcohol and ether, 
crystallizing ordinarily in six-sided orange-colored plates. This compound is 
used in the detection and identification of this base. Choline also forms a 
crystalline double compound with mercuric chloride and with gold chloride. 
Choline is precipitated by potassium iodide and iodine (Gulewitsch), and potas- 
sium triiodide can be used for the quantitative estimation of this base (Stanek . 
On heating the free base it decomposes into trimethylamine, ethylene oxide, and 
■water. 

Lecithin occurs, as' Hoppe-Seyler ^ has especially shown, widely diffused 
in the vegetable and animal kingdoms. According to this investigator it 
occurs also in many cases in loose combination with other bodies, such as 
proteins, hsemoglobin, and others. Lecithin, according to Hoppe-Seyler, 
is found in nearly all animal and vegetable cells thus far Studied, and also 
in nearly all animal fluids. It is especially abundant in the brain, nerves, 
fish eggs, yolk of the egg, electrical organs of the Torpedo electricus, semen, 
and pus, and also in the muscles and blood-corpuscles, blood-plasma, lymph, 
milk, especially woman ^s milk, and bile. Lecithin is also found in differ- 
ent pathological tissues or liquids. 

SiwERTZOW’^ has determined the amount of lecithin in the human 
fmtus and in children of various ages, and he finds that the quantity of 
lecithin is much greater in the organs (brain, liver, heart, and muscles) 
of the ripe foetus as compared with the same organs of children up to ten 
years of age. The child according to him has a certain store of lecithin 
when it comes into the world and this is coBvSumed during the first months 
of its extra-uterine life. 

This wide distribution of the lecithins, as also the fact that they are 
primary cell constituents, gives great physiological importance to these 
substances. We have in lecithin, no doubt, a very important material 
for the building up of the complicated phosphorized nuclein substances of 
the cell and cell nucleus. That the lecithins are of great importance in 
the development and growth of living, organisms, in fact for the bioplastic 

^ In regard to choline and its compounds see Gulewitsch, Zeitschr, f . phydol 
Chem., 24; Stanek, ibid,^ 46. 

2 Physiol. Ghemie, Berlin, 1877-1881, ,57., 

® See Biochem. Centralbl., 2, 310. 
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processes ill generai,^^ also from several iiivestigations4 The fact 

must not be overlooked that in the animal body we find besides the leci- 
thins also other related phosphatides which have been little studied and 
which can be readily mistaken for lecithins. 

Lecithin may be obtained in grains or warty masses composed of small 
crystalline plates by strongly cooling its solution in strong alcohol. In the 
dry state it has a waxy appearance, is plastic, but forms pul veritable masses 
when dried in vacuum, and is soluble in alcohol, especially on heating (to 
40-50^ C.); it is less soluble in ether. It is dissolved also by chloroform, 
carbon disulphide, benzene, and fatty oils. The solution of lecithin from 
egg-yolk is dextrorotatory (Ulpiani^). The solution of lecithin in alcohol- 
ether or chloroform is precipitated by acetone. It swells in water to a 
pasty mass which shows under the microscope slimy, oily drops and threads, 
so-called myelin forms (see Chapter XII). On warming this swollen mass 
or the concentrated alcoholic solution, decomposition takes place with 
the production of a brown color. On allowing the solution or the 
swollen mass to stand, decomposition takes place and the reaction becomes 
acid. 

With considerable water, lecithins give an emulsion or indeed a filter- 
able colloidal solution, which is precipitated by salts with divalent cations, 
such as Ca, Mg, and others (W. Koch). This precipitate dissolves again 
in water after the removal from the solution of the electrolytes, and the 
formation of this precipitate can be prevented by the presence of salts of 
monovalent cations. We are here not dealing with a chemical but rather 
with a physical precipitation reaction (Koch^). In putrefaction lecithins 
-yield glycerophosphoric acid and choline; the latter further decomposes 
with the formation of methylamine, ammonia, carbon dioxide, and marsh- 
gas (Hasebroek^). If dry lecithin be heated it decomposes, takes fire, 
and burns, leaving a phosphorized ash. On fusing with caustic alkali and 
saltpetre it yields alkali phosphates.’ Lecithins are easily carried do^^m dur- 
ing the precipitation of other compounds such as the protein bodies, and 
may therefore very greatly change the solubilities of the latter. 

Lecithins combine with acids and bases. The compound with hydro- 
chloric acid give with platinum chloride a double salt wMch is insoluble 
in alcohol, soluble in ether, and which contains 10.2 per cent platinum 
(for distearyl-lecithin). The cadmium-chloride compound which contains 


^See Stokiasa, Ber, =d. deutsch. chem. Gesellsch., 20; Wiener Sitzungsber. , 10-I-; 
Zeitschr. f. physiol. Chem., 25; W. Danilewsky, Comp, rend., 121 and 123, axid W. 
Koch, Zeitschr. f. physiol. Chem., 87; P. Kyes, 41, and Berl. kiin. Wochensehr., 
1904 

2 Chem. CentralbL, 1901, 2, 30 and 193,. 

® Zeitschr. f. physiol. Chem., 87. 

: 12 . ■' 
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3 molecules of lecithin and 4 molecules of cadmium chloride (Ulpiani^) 
is difficultly soluble in alcohol, but dissolves in a mixture of carbon disul- 
phide and ether or alcohol. A solution of lecithins in alcohol is not pre- 
cipitated by lead acetate and ammonia. 

Lecithin may be prepared tolerably pure from the yolk of the hen’s egg 
by the following methods, as suggested by Hoppe-Seyler and Diaconow. 
The yolk, deprived of protein, is extracted with cold ether until ail the 
yellow color is removed. Then the residue is extracted with alcohol at 
50-60° C. After the evaporation of the alcoholic extract at 50-60° C., the 
syrupy matter is treated with ether and the insoluble residue dissolved in 
as little alcohol as possible. On cooling this filtered alcoholic solution to 
— 5° to — 10 ° C. the lecithin gradually separates in small granules. The 
ether, however, contains considerable of the lecithin. The ether is dis- 
tilled off and the residue dissolved in chloroform and the lecithin precipi- 
tated from this solution by means of acetone (Altmann). 

According to Gilson ^ a new portion of lecithin may be obtained from 
the ether used in extracting the yolk by dissolving the residue after the 
evaporation of the ether in petroleum-ether and then shaking this solution 
with alcohol. The petroleum-ether takes the fat, wffiile the lecithin re- 
mains dissolved in the alcohol and may be obtained therefrom rather 
■easily by using the proper precautions, as described in the original publi- 
cation. 

Zuelzer’s method is based upon the preeipitability of the lecithin by 
acetone, and Bergell’s ^ method upon the preparation of the double 
salt of cadmium and its decomposition by ammonium carbonate. The 
preparations obtained b}’ the different methods consist generally of a 
mixture of lecithins. 

The detection and the quantitative estimation of lecithins in animal 
fluids or tissues is based on the solubility of the lecithins (at 50-60° C.) in 
alcohol-ether, by -which the phosphoric-acid or glycerophosphoric-acid 
salts which may be present at the same time are not dissolved. The 
alcohol-ether extract is evaporated, the residue dried and fused with soda 
and saltpetre. Phosphoric acid is formed from the lecithin, and it can be 
used in the detection and quantitative estimation. The distearyl-lecithin 
yields 8.798 per cent P 2 O 5 . This method is, ho^vever, not exactly correct, 
for it is possible that other phosphorized organic combinations, such as 
Jecorin (see Chapter VIII) and protagon (Chapter XII), may have passed 
into the alcohol-ether extract. In detecting lecithin the double compound 
of choline and platinum chloride must also be prepared. The residue of the 
evaporated alcohol-ether extract may be boiled for an hour wdth baryta- 
water, filtered, the excess of barium precipitated with CO 2 , and filtered 
w-hile hot. The filtrate is concentrated to a syrupy consistency, extracted 
with absolute alcohol, and the filtrate precipitated wdth an alcoholic solu- 
tion of platinum chloride. The precipitate after filtration may be dissolved 
in water and allowed to crystallize over sulphuric acid. For the detection 


, ^ Chem. Centralbl., 1901, 2, 30 and 193. , 

^Altmann, cited from Hoppe-Seyler-Thiexfelder’s Hand buck, 7. Auflage; Giisoxi, 
iMd. - 

® Zuelzer, Zeitscbr. f. physiol. Chem., 27, and Bergell, Ben d. d.'cjiem. Gesellsch., 3^. 
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and estimation' of decitliin we can make use of the method of heating with 
hydriodic acid as suggested by Koch.^ One methyl iodide group is split ^ 
off at 240® and the two others at about 300® C. 

Protagons, which are found in the leucocytes and pus-cells; are also to 
be considered as constituents of protoplasm. These phosphorized bodies 
occur principally in the brain and nerves, and hence will be described in a 
following chapter (XII). 

first discovered by Cl. Bernard, is found in developing 
animal cells and especially in developing embryonic tissues. According 
to Hoppe-Seyler it seems to be a never-failing constituent of the cells 
which show amoeboid movement, and he found this carboh^rdrate in the 
leucocytes, but not in the developed motionless pus-corpuscles. Salomon 
and afterwards others have, however, found glycogen in pus.^ From the 
relationship which seems to exist between glycogen and muscular work (see 
Chapter XI), it is presumable that a consumption of glycogen takes place 
in the movement of animal protoplasm. On the other hand, the extensive 
occurrence of glycogen in embryonic tissues, as also its occurrence in patho- 
logical tumors and in abundant cell formation, speaks for the importance 
of this body in the formation and development of the cell. 

In adult animals glycogen occurs as stored foodstuff in the muscles and 
certain other organs, but principally in the liver; therefore it will be com- 
pletely described in connection with this organ (Chapter VIII). 

Another body or perhaps more correctly a group of bodies w^hich occur 
widely distributed in the animal and vegetable kingdoms, and which are 
present regularly in the cells, are the cholesterins. The best-known repre- 
sentative of this group is ordinary cholesterin (see Chapter VIII), w^hich is 
the chief constituent of certain biliary calculi and exists in abundant quan- 
tities in the brain and nerves. It is hardly probable that this body is of 
direct importance for the life and development of the cell. It must be 
considered that the cholesterin, as accepted by Hoppe-Seyler,^ is a cleavage 
product appearing in the cell during the processes of life, but this does not 
exclude the possibility that the cholesterin, as a constituent of the lipoids 
of the protoplasm-boundary layers (Overton), may be of indirect im- 
portance in cell life. According to Hoppe-Seyler, the same is true for the 
fats, which do not occur constantly in the cells and have nothing to do in 
the ordinary processes of life. There is no doubt that cholesterin exists 
as a constituent of the protoplasm, but its existence in the nucleus is ques- 
tionable, The intracellular enzymes, are undoubtedly constituents of the 
protoplasm as well as of the nucleus and must be of the greatest import- 
ance for the life and functions of the cells. 

^ Zeitschr, 1 physiol. Chem., 36, and Amer. Jour. Physiol, 11. 

^ In regard to the literature on glycogen see Chapter YIII. 

® Physiol Chem., p. 81. 
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The cell nucleus has a rather complex structure. It consists in part 
of fibrils which form a network and another part which is less solid and 
homogeneous. The first differs from the second in possessing a stronger 
affinity for many dyes. On account of this behavior the first is called the 
chromatic substance or chromatiriy and the other the achromatic substance 
or achromatin. 

The homogeneous substance of the nucleus is considered as a mixture 
of protein. The network seems to contain the more specific constituent 
of the nucleus, namely, the nuclein substances. Besides this it is alleged 
to contain another substance also, plastin. This last is less soluble than 
the nuclein substances and does not have the propertj^, like them, of fixing 
dyes. 

The chief constituents of the cell nucleus are the nucleoproteids^ and 
ill certain cases the nucleic acids. 

Nucleoproteids. The most important of these bodies have already 
been discussed in a previous chapter (II, page 71), These bodies are either 
strong or loose combinations of nucleic acids with proteid. To the latter 
class belongs histone, in certain cases, and the compounds between nucleic 
acids and protamines should also perhaps be called nucleoproteids. There 
is a difference among the nucleoproteids, dependent on the various proteid 
complexes as w^ell as upon the nucleic acids. They contain generally con- 
siderable proteid in the molecule, hence they give the ordinary proteid 
reactions, and therefore are closely related to the protein bodies. The 
nucleoproteids occurring in the cell nucleus seem to be characterized by 
containing a relatively large amount of phosphorus and a pronounced acid 
■■ character. " 

In the preceding discussion of the nucleoproteids, attention was called 
to the fact that, on their modification by heat, by weak acid action, and 
by peptic digestion, proteid is split off and a nucleoproteid richer in phos- 
phorus is formed. These compound proteids, rich in nucleic acid, obtained 
by peptic digestion from cells, cell-rich organs, or nucleoproteids, have been 
called nucleins (Miescher, Hoppe-Seyler i) or true nucleins. But as the 
true nuclein seems to be nothing but a modified nucleoproteid poor in 
proteid, it seems unnecessary to give the name nuclein thereto. On the 
other hand, the nucleins have other properties than the nucleoproteids, 
and as the nucleins bear the same relationship to the nucleoproteids that 
the pseudonuclein does to the nucleoalbumins, we will give here a short 
description of the nucleins as well as the pseudo- or paranucleins. 

Hucleins or true nucleins are formed, as above stated, from nucleo- 
proteids in their peptic digestion or by treatment with dilute acids. . It 
• must be remarked that the nucleins are not entirely resistant towards 


^Hoppe-Seyler, Med. chem. Untersuch., 452... . 
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gastric juice, and also that at least one. niicleoproteid, namely, the one 
obtained from the pancreas, completely dissolves, leaving no nuclein residue 
on 'treatment: w gastric Juice (Umber, Milroy^). The nucleins are 
rich in phosphorus, containing in the neighborhood of 5 per cent. Accord- 
ing to Liebermann,^ metaphosphoric acid nan be' split off from true nucleins 
(yeast nuclein). The nucleins are decomposed into proteid and nucleic 
acid by caustic alkali, and as different nucleic acids exist, so also there 
exist different nucleins. As previously stated, proteids may be' precipitated 
in acid solutions by nucleic acids, and in this way, as shown by Milroy, 
combinations of nucleic acid and proteids may be prepared which behave 
quite like true nucleins. All nucleins ^deld so-called nuclein bases on boil- 
ing with dilute acids. The nucleins contain iron to a considerable extent. 
They act like rather strong acids. 

The nucleins are colorless, amorphous, insoluble, or only slightly soluble 
in water. They are insoluble in alcohol and ether. They are more or less 
readily dissolved by dilute alkalies. The nucleins give the biuret test and 
Millon's reaction. They show a great affinity for many dyes, especially 
the basic ones, and take these up with avidity from watery or alcoholic 
solutions. On burning they yield an acid residue which is very difficult 
to incinerate and which contains metaphosphoric acid. On fusion with 
saltpetre and soda the nucleins yield alkali phosphates. 

To prepare nucleins from cells or tissues, first remove the chief mass of 
proteids by artificial digestion with pepsin-hydrochloric acid, lixiviate the 
residue with very dilute ammonia, filter, and precipitate with hydrochloric 
acid. The precipitate is further digested with gastric juice, washed and 
purified by alternately dissolving in very faintly alkaline water and re- 
precipitating with an acid, washing with water, and treatmg with alcohol- 
ether. A nuclein may be prepared more simply by the digestion of a 
nucleoproteid. In the detection of nucleins we make use of the above- 
described method, testing for phosphorus in the product after fusing with 
saltpetre and soda. Naturally the phosphates, lecithins (and jecorin) 
must^ first be removed by treatment with acid, alcohol, and ether, re- 
spectively. We must specially call attention to the fact, as shown 
Liebermann,^ that it is very difficult to remove lecithin by means of 
alcohol-ether. No exact methods are known for the quantitative estima- 
tion of nucleins in organs or tissues. 

Pseudonucleins or Paranucleins. These bodies are obtained as an 
insoluble residue on the digestion of certain nucleoaibumins or phospho- 
glucoproteids with, pepsin-hydrochloric acid. Attention is called to the 
fact that the pseudonuclein may be dissolved by the presence of too much 
acid or by a too energetic peptic digestion. If the relationship between the 

^ Ember, Zeitschr. f. kiin, Med., 43; Miiroy, Zeitschr. f. physiol Chem., 22. 

I'^^PIugerls' Arch:, 47. " ' ' 

^ 3 Ibid . 
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degree of acidity and the quantity of substance is not properly selected, 
the formation of pseudonucleins may be entirely overlooked in the digestion 
of certain nucleoalbumins. Pseudonucleins contain phosphorus, which^ 
as shown by Liebermann,^ is split off as metaphosphoric acid by mineral 
acids. 

The pseudonucleins are amorphous bodies insoluble in water, alcohol, 
and ether, but readily soluble in dilute alkalies. They are not soluble in 
wwy dilute acids, and may be precipitated from their solution in dilute 
alkalies by adding acid. They give the protein reactions very strongly, 
but do not yield nuclein bases. 

In preparing a pseudonuclein, dissolve the mother-substance in hydro- 
chloric acid of 1-2 p. m., filter if necessary, add pepsin solution, and allow 
the mixture to stand at the temperature of the body for about twenty- 
four hours. The precipitate is filtered off, washed with water, and purified 
by alternately dissolving in very faintly alkaline water and reprecipitating 
with acid. 

Plastin. After the extraction of the nucleins from cell nuclei of certain plants 
by dilute soda solution, a residue is obtained which is characterized by its great 
insolubility. The substance which forms this residue has been called plastin. 
This substance, of which the spongioplasm of the body of the cell and the nucleus 
granules are alleged to be composed, is considered as a nuclein modification of 
great insolubility, although its nature is not known. 

Nucleic Acids. All nucleic acids are rich in phosphorus and yield phos- 
phoric acid and nuclehi bases as cleavage products. The various nucleic 
acids are nevertheless very different in regard to the products they yield. 
The statements in this regard are somewhat contradictor^^ and it seems 
as if in certain cases we were dealing with impure or partly decomposed 
nucleic acids. For example, according to Kossel, the nucleic acid from 
ox-sperm yields chiefly xanthine, while Levene obtained only guanine and 
adenine. The guanylic acid isolated by Bang from the pancreas contained 
only guanine, while the pancreas nucleic acid investigated by Levene 
contained adenine as well as guanine. The nucleic acids of the thymus 
jfield, according to most statements, only adenine and guanine, similar to 
the acids obtained from the spleen, brain, mammary gland, and fish-sperm. 
According to Steudel, the thymusnucleic acids yield xanthine, hypoxan- 
thine, adenine, and guanine, while according to Bang the thymus gland con- 
tains two different nucleic acids, one containing adenine and guanine, while 
the other contains only adenine, hence is an adenylic acid. The nucleic acid 
of the intestine yields, according to Inouye and Kotake, all four nuclein 
bases, although it has about the same composition as the salmonucleic 
acid, which yields only adenine and guanine. . ^ 

All nucleic acids thus far investigated, with the exception of guanylic 

^Ber. d. d. chem. Geseiisch., 21, and Centralbl. f. d, med. Wissenseh.^ 1889, 
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acid; contain also representatives of the pyrimidine group; there seems to 
exist a difference in this regard between animal and plant nucleic acids. 
As far as known; in the plant nucleic acids the pyrimidine group is repre- 
sented only cytosine and uracil (KosseL; Ascoli, Kossel and Steudel, 
Osborne and Harris), and in the animal (the thynuisnucleic acids), on 
the contrary, by cytosine, thymine, and uracil (Kossel, Neumann, Levene). 
Mandel and Levene ^ have nevertheless isolated a nucleic acid from 
haddock eggs which yielded uracil but no thymine, and tliis acid behaved 
in other respects like a nucleic acid from plant-cells. The giianylic acid 
contains, as above remarked, neither uracil, thymine, nor cytosine. 

The nucleic acids show a different composition also in other regards. A 
reducing pentose group can be split off from guanylic acid and the vege- 
table nucleic acids (the tritico- and yeast nucleic acid), while from the yeast 
nucleic acid also a hexose is claimed to be obtained. No reducing carbo- 
hydrate has, on the contrary, been split off from most animal nucleic acids. 
Certain observations which were based upon qualitative pentose reactions 
seem to show that the various organs contain nucleoproteids containing 
pentoses and that we have vseveral nucleic acids which yield pentose (see 
Chapter III, p. 110). The preparation of these acids in a pure form has 
been attempted only in a few cases, and the qualitative pentose reactions 
are not to be relied upon to any great extent. Bang ^ has indeed shown 
that a nucleic acid occurs in the thymus gland which gives the phloroglucin 
reaction but does not contain any pentose. Those nucleic acids which do 
not split off any reducing carbohydrate contain nevertheless a carbohydrate 
group which, as Kossel and Neumann first showed, on deep cleavage with 
a mineral acid 3 delds levulinic acid. 

We generally admit of 4 atoms of phosphorus in the empirical formula) 
of the various nucleic acids. In salmonucleic acid the relationship of phos- 
phorus to nitrogen is as 4 to 14, in triticonucleic acid 4 to 16, and in guanylic 
acid 4 to 20. The form of combination of the phosphorus is not known 
with positiveness, but it seems at least that guanylic and triticonucleic 
acids are derivatives of a pentahydroxylphosphoric acid, P(OH) 5 . 


^ Journ. of Biol, Chem., 1, 425, and Zeitschr. f. physiol. Chem., 49, 262. 

^ The works of Kossel and his pupils on nucleic acids are found in Arch. f. (Anat. u.) 
Physiol., 1892, 1893, and 1894; Sitzungsber. d. Berl. Akad. d. Wissensch., IS, 1894; 
Centralbl. f. d. med. Wissensch., 1893; Ber. d. deutsch. chem. Geselisch., 26 and 27; 
Zeitschr. f. physiol. Chem., 22 and 38. See also Neumann, Arch. f. (Anat. u.) Physiol., 
1898 and 1899, SuppL; Miescher, Hoppe-Seyler's Med. chem. Ilntersuch., 441, and 
Arch. f. exp. Path. u. Pharm., 37; Schmiedeberg, 37 and 43; Osborne and 
Harris, Zeitschr. f. physiol, Chem., 36; Bang, ibid,, 26 and 31; HofmeistePs Beitriige, 5, 
and Biochem. Centralbl., 1, 295; Altmann, Arch. f. (Anat. u.) Physiol, 1899; Aseoii, 
Zeitschr. L physiol Chem., 28 and 31; Levene, •Md,, 32, 37, 38, 39, 43, and 45; Man- 
del and Levene, ibid,, 46, 47, 49, 50; Inouye and Kotake, ibid., 46; Steudel, ibid,, 42, 
43; 46, and 49. 
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AH nucleic acids are amorphous^ white, and have an acid reaction. 
They are readily soluble in ammoniacal or alkaline water and form insoluble 
salts with the heavy metals, and as a rule also insoluble basic salts with the 
alkaline earths. Guanylic acid is soluble with difficulty in cold water but 
rather readily in boiling water, from which it separates on cooling. Guanylic 
acid is readily precipitated from its alkali compound by an excess of 
acetic acid. The other nucleic acids are, on the contrary, not precipitated 
from such compounds by an excess of acetic acid, but by a slight excess 
of hydrochloric acid, especially in* the presence of alcohol. In acid solu- 
tions these latter nucleic acids give precipitates with proteids, which are 
considered as nucleins. The behavior of guanylic acid in this regard 
has not been shown on account of the great difficulty in dissolving this 
acid in dilute acids. All nucleic acids are insoluble in alcohol and ether. 
They do not give either the biuret test or Millon^s reaction. The nu- 
cleic acids are optically active and indeed dextrorotatory (Gamgee and 
Jones 

The proteolytic enzymes, such as pepsin and trypsin, decompose the 
nucleoproteids more or less; the nucleic acids are not split by these enzymes 
as far as phosphoric acid and purine bases. Such a cleavage can, on the 
contrary, be brought about by erepsin (Nakayama) or b}^ other closely 
allied enzymes which have been called nucleases (Iwanoff, Fr. Sachs). 
Micro-organisms can also bring about a more or less deep cleavage of the 

nucleic acids (ScHiTTENHELM and ScHROTER 2). 

Guanylic acid differs essentially from the other animal nucleic acids. 
These latter are closely related to each other, and as they all yield thymine 
on cleavage and in this regard differ markedly from the guanylic acid and 
the plant nucleic acids, 3 they can for the present be treated of as one group 
which has received the common name of thymonucleic acids. 

Thymonucleic Acids. A. Neumann has isolated a- and /9-thymusnu- 
cleic acids from the thymus gland. The a-acid is soluble with difficulty 
and can, according to Kostytschew, be transformed (two thirds), with 
the splitting off of purine bases, into the ^-acid. The o:-acid gives in 
proper concentration a sodium salt ’which gelatinizes and a barium salt 
which is precipitated by barium acetate in substance (Kostytschew). 
The barium salt of the /9-acid is not precipitated by barium acetate. Ac- 
cording to Bang, the thymus contain^ both an adenylic acid and a nucleic 
acid which contains adenine as well as guanine. This last acid is prob- 


^ Proceed. Roy. Soc., 72. 

“ Nakayama, Zeitschr. f. physiol. Chem., 41; Iwanoff, ihid,^ 89; Fr. Sachs, '^Ist die 
Nukiease mit dem Trypsin identisch?^' Inang.-Dissert. Heidelberg, 1905; Schitten- 
helm and Schroter, Zeitschr. f. physiol. Chem., 41. 

® See Mandei and Levene, Jour, of Biol, Chem., 1, 425, and Zeitschr. f, physiol 
Chem,, 49. 
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ably the thymusnucleic acid which is identical with the nucleic acid from 
the salmon milt (or salmonucleic acid) (Schmiedeberg and Herlant^). 

The salmonucleic acid and the thymusnucleic acid as obtained by 
Schmiedeberg’s method have the same composition, C40H56N14O16.2P2O5* 
Other nucleic acids, such as those prepared by Alsbero from the sperm of 
the burbot (Lota vulgaris), and by Levene from ox sperm, brain, and spleen, 
are identical with the thymusnucleic acid or are at least closely related 
acids. To this group belong also the nucleic acids from the kidneys and 
the mammary glands (Manuel and Levene), from the intestinal mucosa 
(Inouye and Kotake), from the sperm of the sturgeon (Noll), herring 
(Mathews, Gulewitsch), and sea-urchin (Mathews 2). 

On the decomposition of thymusnucleic adds (or salmonucleic acids) in- 
termediate products of various kinds are produced by a more or less com- 
plete cleavage of the nuclein bases. One of these is thymic acid , which is 
obtained on heating the free acid with water at the water-])ath tempera- 
ture, when adenine and guanine are simultaneously split off. Thymic acid 
is readily soluble in water and yields a barium salt which is also soluble in 
water and has the formula Ci 6 H 23 N 3 P 20 i 2 Ba (Kossel and Neumann). 

On cleavage wuth acids first a part of the nuclein bases is split off. The 
remaining part is more difficult to set free, and in this operation an abundant 
formation of melanin and a decomposition of the original substance take 
place at the same time. When one half of the purine bases have been split 
off we obtain the substance called heminucleic acid by Alsberg, which con- 
tains only 1 molecule of purine bases to 2 P2O5. According to vSchmiede- 
BERG, thymusnucleic acid (or salmonucleic acid) is a combination of 
purine bases with another substance, the nucleotinphospkoric acid , 
C30H46N4O15.2P2O5. The non-phosphorized component of this substance, 
the nuckotm , C30H42N4O13, which is the ground substance of thymus- 
nucleic acid, has been isolated by Alsberg. On the decomposition of 
nucleic acids with 5 per cent sulphuric acid, Levene was able to split off 
the purine bases compieteh?- and the pyrimidine bases in part. The car- 
l.)ohydrate groups went completely into solution, 

Kutscher and Seemann obtained guanidine and urea, but no uric acid, as 
products on the oxidation of nucleic acid with potassium permanganate. 
Kutscher and Schbncxc ^ obtained adenine, oxalic acid, acetic acid, an acid 
haying an unknown formula, and another acid which they call martamic acid , 
besides guanidine and urea. Martamic acid has the formula CsHsNgOs or 


^ Neumann, 1. c.; Kostytschew, Zeitschr. f. physiol. Chem., 89; Bang, Hofmeister’s 
Beitriige, 5; Schmiedeberg and Herlant, Arch. f. exp. Path. u. Pharin., 44. 

^Alsberg, Arch. f. exp. Path. u. Pharm., 51; Noil, Zeitschr. f. physiol. Chem., 25; 
Mathews, 2S; Gulewitsch, ibid,, 27;, see also for the other references foot-note 2 

® Kutscher and Schenck, Zeitschr. f. physiol. €hem,, 44; Kutscher and Seemann, 
Ber. d. d. chem. Geselisck, 80, and CentralbL f. PhysioL, 17. 
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CgHioNgOi^ and gives a silver salt which is soluble in ammonia or nitric acid, and 
which crystallizes in tufts of leaves. The crystalline acid, which is soluble in 
ethet, sublimes at 150® and does hot give the murexide test or WeideFs test. 

Guanylic Acid. This acid, which thus far has been obtained only from 
the pancreas, has, according to Bang, the composition C 44 H@ 6 N 2 oP 4034 . It 
is readily soluble in warm water, but partially separates out on cooling. It 
is considered as an ester of a glycerophosphoric acid and decomposes on 
hydrolytic cleavage with acids, according to Bang, into 4 molecules of 
guanine, 3 molecules of pentose (Z-xylose according to Neuberg), 3 mole- 
cules of glycerine, and 4 molecules of phosphoric acid. 

According to the more recent investigations of Bang and Raaschou^ 
the guanylic acid, w’'hich Bang now designates as ^5-aeid is formed, in the 
preparation from another acid called a-guanylic acid, by the action of the 
alkali. The a-giianylic acid, which is readily soluble in water, even in cold 
water, contains less phosphorus and nitrogen (6.65 and 15.38 per cent re- 
spectively) as compared with the /?-acid, which contains 7.64 per cent phos- 
phorus and 18.21 per cent nitrogen. By.the action of alkalies the a;-guanylic 
acid splits off a pentose group and is converted into the /?-acid. 

The following acid is also generally included among the nucleic acids: 

Inosinic acid, C 10 H 13 N 4 PO 8 , was first isolated by Liebig from the flesh of 
certain animals and then closely studied by Haiser.^ It contains phosphorus, 
is amorphous, and gives crystalline salts with barium and calcium. Haiser 
obtained hypoxanthine as a cleavage product and probably also trioxy valerianic 
acid, though this has not been positively proven. 


The thymusnucleic acid may be prepared as the copper salt, according 
to ScHMiEDEBERG, from the heads of the salmon spermatozoa or from the 
residue after the peptic digestion of the thymus glands (Herlant). The 
protamines are removed by the action of copper chloride and the last traces 
of proteid removed by dissolving the residue in dilute caustic potash and 
precipitating this solution wdth alcohol, and this is repeated until it fails to 
give the biuret test. The copper salt can be precipitated by copper chloride 
from, the watery solution of the potassium nucleate, after acidification with 
acetic acid. According to Nexjm.ann, the two thymusnucleic acids, a and /?, 
can be obtained from the gland, after previously boiling the same with water 
containing acetic acid and then cutting it up fine. The finely divided gland 
is boiled with about 3 per cent NaOH for one-half hour for the a-acid and 
two hours for the /?-acid, and sodium acetate is added at the same time. 
After neutrklization with acetic acid, filtration and concentration, the 
product is precipitated with alcohol. The nucleic acids can be obtained 
from the precipitated sodium nucleates by precipitating with alcohol con- 
taining hydrochloric acid. In the separation of the tw^o acids, Kostytschew 
makes use of the different behavior of the barium salts on saturating their 
solution with barium acetate (see above Y. Levene's ^ method consists, on 


2 Liebig, AnnaL d. Chem, u. Pharm., ,62; F, Haiser, Monatshefte f. Ohem,, 16. 
® Schmiedeberg, Arch. f. exp. Pathi u. Pharm., 42; Herlant, 44; Hermann, 
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the contraryj ia treating the organs first with 5 per cent sodium hydrate or 
with '8 per cent ammonia in the cold, then,, nearly neutralizing with, acetic 
. acid, precipitating the proteids with picric acid, and treating the strongly , 
acidified liquid (acetic acid) with alcohol In the presence of sufficient 
acetate the nucleic acids are precipitated. More recently Levenb has sug- 
gested that the nucleic acid be dissolved in strong acetic acid and then 
precipitated with copper chloride or hydrochloric acid. 

Guanylic acid may be best prepared, according to Bang and Raaschou, 
by the following method: After treating the pancreas with 1 per cent 
sodium-hydrate solution for twenty-four hours at the room temperature, 
it is dissolved by warming, then made faintly acid with acetic acid, filtered, 
made faintly aikaline with ammonia, strongly concentrated, and precipi- 
tated with alcohol while hot. The proteoses remain in solution, and the 
precipitated guanylic acid (a^-acid) is purified by repeated solutions in 
water and precipitations by alcohol. 

Plant Ifucleic Acids, Those best known are the yeast nucleic acid and the tri- 
ticonucieic acid, C 4 iH 6 iN,cP 403 i, isolated by Osborne and Harris from the wheat 
embryo, and which according to these investigators is identical with the yeast 
nucleic acid. The plant nucleic acids are nearly related to the thymonucieic acids, 
but differ from them by the fact that in the thymonucieic acids the pyrimidine 
groups are represented by uracil, cytosine, and thymine, and in the triticonucleic 
acid by cytosine and uracil. This last acid, which is dextrorotatory, yields on 
hydrolysis with acid 1 molecule of guanine, 1 molecule each of adenine and 
cytosine (Wheeler and Johnson ^), 2 molecules of uracil, and 3 molecules of pen- 
tose for every 4 atoms of phosphorus. Levene has been able to prepare from 
the tubercle bacilli nucleic acids whose nature has not been closely studied. 

Piasminic acid is an acid which was prepared by Ascoli and Kossel ^ by 
the action of alkali upon yeast. It contains iron and is soluble in very dilute 
hydrochloric acid (1 p, m.). It is still a question whether it is a mixture or a 
chemical individual 

In regard to the preparation of yeast and triticonucleic acid W'e must refer to 
the works of Altmann, Kossel, Osborne and Harris.® 

Among the cleavage products of the nucleic acids the purine deriva- 
tives and the pyrimidine derivatives are of special interest. 

Purine Bases (nuclein bases, alloxuric bases, xantliine bodies). With 
these names we designate a group of bodies consisting of carbon^ hydrogen^ 
nitrogen, and in most cases also of oxygen, which, by their composition, 
show a relationship not only among themselves, but also with uric acid. 
Ail these bodies, uric acid included, are considered as consisting of an 
alloxuric and a urea nucleus, and for this reason Kossel and Kruger have 
called them alloxuric bases, or the entire group, including uric acid, alloxuric 
bodies. According to E. Fischer, ^ who has not only showm, in several 
ways, the close relationship of uric acid to this group, but has also pre- 

Arch, f. (Anat. u.) Physiol, 1899, Supplb.; Levene, Zeitschr. f. physiol Gliem., 32 
and 45; Kostytschew, ibid., 39. 

^ Amer. Ohem. Journ., 29. 

^Ascoli, Zeitschr, f. physiol Chem., 28 

^ See foot-note 2, p. 152. . 

^See Fischer, Ber, d. deutsch. chem, Gesellsch.^"' 30 and 32* ' ' ' , ' ' 
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pared a number of the members, of 'this group synthetically^ they are all 

■ N=GH , , 

derived from a compound, G5H4N4=B[C C — NH . , called purine, 

I li >CPI 
N— C— N 

The different purine bodies are derived therefrom by the substitution of the 
various hydrogen atoms by hydroxyl, amide, or alkyl groups. In order to signify 
the different positions of substitution Fischer has proposed to number the nine 
members of the purine nucleus in the following way: 

IN— C6 

I. '1 

2 C 5 C— N 7 
I I >C8. . 

3 N— C— N 9 
4 

HN— CO 

For example, uric acid, OC C — NH , is 2, 6, S-trioxypurine, adenine, 

I II >CO 
HN— C— NH 

N=:C.NH2 HN— CO 


HC C — ^NH , is 6-aminopurine, and heteroxanthine, OC C — N.CH, , is 

il II >CH I II >cH 

N— C— N HN— C— N 

7-methyl-2, 6-dioxypurine, etc. 

The starting-point used by Fischer for the synthetical preparation of the 
purine bases was 2, 6, 8-trichlorpurine, which is obtained, with 8-oxy-2, 6-dichlor- 
purine as an intermediary product, from potassium urate and phosphorus oxychlo- 
ride. The close relation between uric acid and the nuclein bases follows from 
the fact, as shown by Sundvik,^ that two bodies may be obtained on the reduction 
of uric acid in alkaline solution, which, although not quite identical with xanthine 
and hypoxanthine, are at least very similar thereto. Gautier claims to have 
prepared xanthine synthetically by heating hydrocyanic acid with water and 
acetic acid. Further syntheses of purine bases have been made by Traube.^ 

The purine bodies or alloxuric bodies found in the animal body or its 
excreta are as follows: Uric acid, xanthine ^ heteroxanthine, I'-methylxanthine, 
paraxanthine, guanine, epiguanine, hypoxanthine, episarkine, adenine, and 
carnine. The bodies theobromine, theophylline, and caffeine, occurring in the 
vegetable kingdom, stand in close relationship to this group. 

The composition of the purine bodies most important from a physio- 
logical standpoint is as follows: 

Uric acid, C5H4N4O3. 2 , 6, 8-trioxypurine 

Xanthine, C5H4N4O2 2, 6-dioxypurine 

1 -methy Ixanthine , CeHgN 4O2 1 -methyl ' ^ 

':'''HeterQxaiithine>^'''.;.' 

^ Zeitsehr, f. physiol, Chem., 28, , ; , 

* Gautier, Compt. rend., 88, 1523, and Ber. d. deutsch. chem. Geseilsch., 81; W, 
Traube, ibid,, 88, and Annal. d, Chem, u. Pharm., 881. . ; . . 
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HypoxantMne, C5H4N4O. . , ■ . ' 6-oxypiiriiie 

Guanine, GsEgNsO.';. ■ 2 -ammo 

Epiguanine, CgHyNgO. . ..... . 7 -methyl 

Adenine, C5H5N5. . . . . ' 6-amiiiopurme 


Episarkine, C4H8N403(?) 

Gamine, C7HSN4O3 

After Salomon ^ had shown the occurrence of xanthine bodies in young 
cells, the importance of the xanthine bodies as decomposition products of 
cell nuclei and of nucleins was shown by the pioneering researches of 
Kossbl, who discovered adenine and theophylline. Kossel gave them 
the name nuclein bases. In those tissues in which, as in the glands, the 
cells have kept their original state, the nuclein bases are not found free, 
but in combination with other atomic groups (nucleins). In such tissues, 
on the contrary, as in muscles, which are poor in cell nuclei, the nuclein 
bases are found in the free state. Since the nuclein bases, as suggested by 
Kossbl, stand in close relationship to the cell nucleus, it is easy to under- 
stand why the quantity of these bodies is so greatly increased when large 
quantities of nucleated cells appear in such places as were before relatively 
poorly endowed. As an example of this, the blood, in leucsemia, is ex- 
tremely rich in leucocytes. In such blood Kossel^ found 1.04 p. m. nuclein 
bases, against only traces in the normal blood. That the nuclein bases 
are also intermediate steps in the formation of urea or uric acid in the 
animal organism is probable, and will be shown later (see Chapter XV). 

Only a few of the nuclein bases have been found in the urine or in the 
muscles. Only four bases — xanthine, guanine, hypoxanthine, and adenine 
—have been obtained, thus far, as cleavage products of nucleins. In 
regard to the purine bodies from other substances we refer the reader to 
their respective chapters. Only the above four bodies, the real nuclein 
bases, will be considered at this time. 

Of these four bodies xanthine and guanine form one special group and 
hypoxanthine and adenine another. By the action of nitrous acid guanine 
is converted into xanthine and adenine into hypoxanthine. 

C5H4N4O.NH -f HNO2 - C5H4N4O2 N2 + H2O ; 

Guanine Xanthine 

CSH4N4.NH +HN02= C5H4N4OH- Ns +H2O. 

Adenine Hypoxanthine 

Similar transformations may be brought about by putrefaction as well 
as by the action of special enzymes. The researches of Schittenhelm, 
Levene, Jones, Paeteiuge, ,WiisrTBENiT 2 ;,\and -B tikian^ have shown that 
in various organs desamination enzymes, such as guanase and adcnase^ 


^ Sitzungsber. d. Bot.- , Yerem der Brandenburg, 1880* 
^Zeitsohr, f, physiol. Chem., 7 * 

®8ee Chapter XV (uric acid formation). 
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occur, which con veH guanine and adenine into xanthine and h^^poxanthine 
respectively, and also oxidases which oxidize hypoxanthine into xanthine 
and this then into uric acid. 

On cleavage with hydrochloric acid all four of the bodies are converted into 
ammonia, glycocoll, carbon dioxide, and formic acid. On oxidation with hydro- 
chloric acid and potassium chlorate, xanthine, bromadenine, and bromhypo- 
xanthine yield alloxan and urea; guanine yields guanidine, parabanic acid (an 
oxidation product of alloxan), and carbon dioxide. According to Buexan ^ the 
nuclein bases give beautiful red products with diazo- compounds as long as the 
imide hydrogen in the 7th position (see structural formula above) is not substi- 
tuted. As the nucleic acids do not react with the diazo compounds, Buriax 
concludes that probably the nucleic-acid residue is combined with the imide hy- 
drogen at position 7. 

The nuclein bases form crystalline salts with mineral acids, which, with 
the exception of the adenine salts, are decomposed by water. They are 
easily dissolved by alkalies, w^hile with ammonia their action is somewhat 
different. They are all precipitated from acid solution by phosphotungstic 
acid ; they also separate as silver compounds on the addition of ammonia 
and ammoniacal silver-nitrate solution. These precipitates are soluble in 
boiling nitric acid of 1.1 specific gravity. All xanthine bodies are also 
precipitated by Feeling ’ s solution (see Chapter XV) in the presence of a 
reducing substance such as hydroxylamine (Drechsel and Balke). Copper 
sulphate and sodium bisulphite may also be used to advantage in their 
precipitation (Kruger) .2 This behavior of the xanthine bases serves Just 
as well as the behavior with the silver solution for their precipitation and 
preparation. 

HN— CO 


Xanthine, C 5 H 4 N 402 == OC C — NHv (2, 6-dioxvpuiine), is found in 

I II . >H 

HN— C— N 

the muscles, liver, spleen, pancreas, kidneys, testicles, carp-sperm, thymus, 
and brain. It occurs in small quantities as a physiological constituent 
of urine, and it occasionally has been found as a urinary sediment, or 
calculus. It w’as first observed in such a stone by Marcet. Xanthine is 
found in larger amounts in a few varieties of guano (Jarvis guano). 

Xanthine is amorphous, or forms granular masses of crystals, or may 
also, according to Horbaczewski,^ separate as masses of shining, thin, 
large rhombic plates wdth 1 mol water of crystallization. It is ver}^ slightly , 
soluble in water, in 14 151-14 600 parts at 16^ C., and in 1300-1500 parts 
at 100° C. (ALMisN^). It is , insoluble in alcohol or ether, but is readily 

^ Ber. d. d. chem. Gesellsch., S7. 

® Balke, Zur Kenntnis der Xanthii&oiper, Inaug.-Diss. Leipzig, 1893; Kruger,', 
Zeitschr. f. physiol. Chem., 18. ' , ^ 

® Zeitschr. f. physiol. Chem., 23. , ; ' , . 

^ Jonrn. f. prakt. Chem., 96. . , 
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dissolved: 'by; alkalies and with difficulty by dilute acids. With hydro-' 
chloric acid it gives a crystalline, difficultly soluble combination. With 
very little caustic soda it gives a readily crystallizable compound, which 
is easily dissolved by an excess of alkali. Xanthine dissolved in ammonia 
gives with silver nitrate an insoluble, gelatinous precipitate of silver xan- 
thine. This precipitate is dissolved by hot nitric acid, and by this means 
an easily soluble crystalline double compound is formed. Xanthine in 
aqueous solution is precipitated on boiling with copper acetate. At 
ordinary temperatures xanthine is precipitated by mercuric chloride and 
by ammoniacal basic lead acetate. It is not precipitated by basic lead 
acetate alone. 

When evaporated to dryness in a porcelain dish with nitric acid, xan- 
thine gives a yellow residue, which turns, on the addition of caustic soda, 
first red, and, after heating, purple-red. If we place some chloride of lime 
with some caustic soda in a porcelain dish and add the xanthine to this 
mixture, at first a dark-green and then quickly a brownish halo forms 
around the xanthine grains and finally disappears (Hoppe-Seyler). If 
xanthine is warmed in a small vessel on the water-bath with chlorine- 
water and a trace of nitric acid, and evaporated to dryness, and the residue 
is then exposed under a bell-jar to the vapors of ammonia, a red or purple- 
violet color is produced (Weidel's reaction). E. Fischer ^ has modified 
Weid el's reaction in the following way: He boils the xanthine in a test- 
tube with chlorinewvater or with hydrochloric acid and a little potassium 
chlorate, then evaporates the liquid carefully and moistens the dry residue 
with ammonia. 

HN— CO 


Guanine, CsHsNsO^^HoN.C 

II 

N- 


C — NH f2-amiiio-6-oxypurine) . 

I! >CH' 

-C— 


Gua- 


nine is found in organs rich in cells, such as the liver, spleen, pancreas, 
testicles, and in salmon-sperm. It is further found in the muscles (in very 
small amounts), in the scales and in the air-bladder of certain fishes as 
iridescent crystals of guanine-lime; in the retinal epithelium of fishes, in 
guano, and in the excrement of spiders it is found as chief constituent. It 
also occurs in human and pig urine. Under pathological conditions it has 
been found in leiicaemic blood, and in the muscles, ligaments, and articula- 
tions of pigs with guanine-gout. 

Guanine is a colorless, ordinarily amorphous po’wder which may be 
obtained as small crystals by allowing its solution in concentrated am- 
monia to spontaneously evaporate. According to HoRBACzmvsKi it may 
under certain conditions appear in. crystals similar to creatinine zinc 


^ Ber. d. deutsch. cheat Geseilsck, 2236. 
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chloride. It is insoluble in water, alcohol, and ether. It is rather easily 
dissolved by mineral acids and readily by alkalies, but it dissolves with 
great difficulty in ammonia. According to Wulfp ^ 100 c.c. of cold am- 
monia solution containing 1, 3, or 5 per cent NH3 dissolve 9, 15, or 19 
milligrams of guanine respectively. The solubility is relatively increased 
ill hot ammonia solution. The hydrochloride readily crystallizes, and has 
been recommended by Kossel^ fop microscopical detection of gua- 
nine, on account of its behavior to polarized light. The sulphate contains 
2 molecules of water of crystallization, which is completely expelled on 
heating to 120® C,, and this fact, as well as the fact that guanine yields 
guanidine on decomposition with chlorine-water, differentiates it from 


6-amino-2-oxypurine, which is considered as an oxidation product of adenine 
and possibly occurs as a chemical metabolic product (E. Fischer). The 
6-aminO“2-oxypurine sulphate contains only 1 molecule of water of crystalli- 
zation, which is not expelled at 120® C. Very dilute guanine solutions are pre- 
cipitated by both picric acid and metaphosphoric acid. These precipitates 
may be used in the quantitative estimation of guanine. The silver com- 
pound dissolves with difficulty in boiling nitric acid, and on cooling the 
double compound crystallizes out readily. Guanine acts like xanthine in 
the nitric-acid test, but gives with alkalies on heating a more bluish-violet 
color. A warm solution of guanine hydrochloride gives with a cold satu- 
rated solution of picric acid a yellow precipitate consisting of silky needles 
(Capeanica). With a concentrated solution of potassium bichromate a 
guanine solution gives a crystalline, brange-red precipitate, and with a 
concentrated solution of potassium ferricyanide a yellowish-brown, crystal- 
line precipitate (Capranica). The composition of these and other guanine 
compounds has been studied by Kossel and Wulpf.^ Guanine does not 


give Weidel's reaction. 


HN-~^CO 


Hypoxanthine, Sarkine, 05X14X40= HC C — NH 


= (6-oxy purine). 


This body is found in the same tissues as xanthine. It is especially abun- 
dant in the sperm of the salmon and carp. Hypoxanthine occurs also in 
the marrow and in very small quantities in normal urine, and, as it seems, 
also in milk. It is found in rather considerable quantities in the blood 
and urine in leucaemia. 

Hypoxanthine forms very small, colorless, crystalline needles. It dis- 


^ Zeitschr. f. physiol, Chem., 17. ' ' -’.i 

^ Ueber die chem. Zusammensetz. der Zelle, Verb. d. physiol. Gesellsch. m Berlin, 

^Zeitsohr. f. physiol Chem.^ 17; Capranica, _ . / _ _ ' 
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solves with difficulty in cold water, but the statements in regard to the 
solubility therein are very contradictory.^ It dissolves more readily in 
boiling water, in about TO-SO parts. It is nearly insoluble in alcohol, but 
is dissolved by acids and alkalies. The compound with hydrochloxic acid 
is crystalline, and is more soluble than the corresponding xanthine 
derivative. It is easily soluble in dilute alkalies and ammonia. The silver 
compound dissolves with difficulty in boiling nitric acid. On cooling, a 
mixture of two hypoxanthine silver-nitrate compounds possessing an in- 
constant composition separates out. On treating this mixture with am- 
monia and an excess of silver-nitrate and heating, a silver hypoxanthine 
is formed, which when dried at 120° C. has a constant composition, 
2(C5H2Ag2N40)H20, and is used in the quantitative estimation of hypo- 
xanthine. Hypoxanthine picrate is soluble with difficulty, but if a 
boiling-hot solution of the same is treated with a neutral or only faintly 
acid solution of silver nitrate the hypoxanthine is nearly quantitatively 
precipitated as the compound C5H3AgN40.C6H2(N02)30H. Hypoxan- 
thine does not yield an insoluble compound with metaphosphorie acid. 
When treated, like xanthine, with nitric acid it yields a nearly colorless 


residue which, on warming with alkali, does not turn red. Hypoxanthine 
does not give Weidel’s reaction. After the action of hydrochloric acid 
and zinc a hypoxanthine solution becomes first ruby-red and then brownish 
red in color on the addition of an excess of alkali (Kossel). According to 
E. Fischer 2 a red coloration occurs even in the acid solution. 

N=C.NH2 

I ! 

Adenine, C5H5N5=HC C — NHv (6-aminopurine), was first found 

II II >H 

N— C— N ^ 

by Kossel 3 in the pancreas. It occurs in all nucleated cells, but in 
greatest quantities in the sperm of the carp and in the thymus. Adenine 
has also been found in leucsemic urine (Stadthagen 4). It may be obtained 
in large quantities from tea-leaves. 

Adenine crystallizes with 3 molecules of water of crystallization in long 
needles which become opaque gradual!}" in the air, but much more rapidly 
when warmed. If the crystals are warmed slowly with a quantity of 
water insufficient for solution, they become suddenly cloudy at 53® C., a 
characteristic reaction for adenine. It dissolves in 1086 parts cold water, 
but is easily soluble in warm. It is insoluble in ether, but somewhat 
soluble in hot alcohol and easily so in acids and alkalies. It is more 
easily soluble in ammonia solution than guanine, but less soluble than 

^See E. Fischer, Ber. d. deutseh. chem. Gesellscb., 30. 

' ’ ® Kossel, feitschr. fi.physioL Ohem',, E. Fischer, I. c. ’ '■ ■ , 

' / ®See Zeitschr. f. physiol. .jCheni., '.'10 and 12, 

' , ■* Virchow *s Arch., 109 . ■„ . \ ^ 
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hypoxantliine.:v The, .silver compound of adenine is difficultly soluble in 
warm nitric acid, and deposits on cooling as a crystalline mixture of 
adenine silver-nitrates. With picric acid adenine forms a compound, 
C5H5N5.C6H2(N02)30H, which is very insoluble and which separates more 
readily than the hypoxan thine picrate and which can be used in the quanti- 
tative estimation of adenine. We also have an adenine mercury-picrate. 
Metaphosphoric acid with adenine gives a precipitate which dissolves in 
an excess of the acid if the solution is not too dilute. Adenine hydro- 
chloride gives With gold chloride a double compound which consists 
in part of leaf-shaped aggregations and in part of cubical or prismatic 
crystals, often wdth rounded corners. This compound is used in the micro- 
scopic detection of adenine. With the nitric-acid test and with Weidel^s 
reaction adenine acts in the same w^ay as hypoxanthine. The same is true 
for its behavior with hydrochloric acid and zinc with subsequent addition 
of alkali. 

The procedure for the preparation and detection of the four above- 
described xanthine bodies in organs and tissues is, according to Kossel and 
his pupils, as follow^s: The finely divided organ or tissue is boiled for three 
or four hours with sulphuric acid of about 5 p. m. The filtered liquid is 
freed from proteid by basic lead acetate, and the new filtrate is treated with 
sulphuretted hydrogen to remove the lead, again filtered, concentrated, and, 
after adding an excess of ammonia, precipitated wdth ammoniacal silver 
nitrate. The silver compound (with the addition of some urea to 
prevent nitrification) is dissolved in not too large a quantity of boiling 
nitric acid of sp. gr. 1 . 1 , and this solution filtered boiling hot. On cool- 
ing, the silver xanthine remains in the solution, while the double com- 
pounds of guanine, hypoxanthine, and adenine crystallize out. The 
silver xanthine may be precipitated from the filtrate by the addition of 
ammonia and the xanthine set free by means of sulphuretted hydrogen. 
The three above-mentioned silver-nitrate compounds are decomposed in 
w^ater wdth ammonium sulphide and heat; the silver sulphide is filtered off, 
the filtrate concentrated, saturated with ammonia, and digested on the 
w^ater-bath. The guanine remains undissolved, wffiile the other two bases 
pass into solution. A part of the guanine is still retained by the silver 
sulphide, and may be lil^erated by boiling it wdth dilute hydrochloric acid 
and then saturating the filtrate wdth ammonia. When the above filtrate 
containing the adenine and hypoxanthine, which has been, if necessary, 
freed from ammonia by evaporation, is allowed to cool, the adenine sepa- 
rates, wffiile the hypoxanthine remains in solution. According to Balke ^ 
w^e can advantageously precipitate the xanthine bases wdth a copper salt and 
hydroxylamine as above mentioned and then further separate the bodies. 
In cases where the proteids have not been completely separated it is advan- 
tageous to precipitate the bases as copper compounds wdth copper sulphate 
and bisulphite. Kruger and ScHITTENHELM^s ^ method for the separation 
and quantitative estimation of purine bodies in feces can be followed and 
the bases then transformed into silver compounds. 

The method of Burian and Hale ^ is. ser\dceable in the estimation of 
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bodies in animal organs; the quantitative estimar 
tion of the various bases is performed in the main according to the method 
above described. The xanthine is weighed as silver xanthine. The three 
silver-nitrate compounds are converted into the corresponding silver 
derivatives by ammonia and the addition of silver nitrate, and then ammo- 
nium sulphide is allowed to act upon the carefully washed silver compounds. 
The guanine is weighed as such. The ammoniacal filtrate containing the 
adenine and hypoxanthine, which must not be mixed with the hydrochloric- 
acid extract of the silver sulphide, is neutralized and a cold concentrated 
solution of sodium picrate added until the entire liquid has a pronouncedly 
yellow color. The adenine picrate is immediately filtered off, washed on 
the filter-paper with water, dried at above 100° C., and weighed. The fil- 
trate containing the hypoxanthine is gradually treated wliile boiling hot 
with silver nitrate, and after cooling more silver nitrate is added to see if 
the precipitation is complete. The silver-hypoxanthine picrate is washed, 
dried at 100° C., and weighed, in regard to the composition of these com- 
pounds see pages 162 and 163. This method of separating adenine and 
hypoxanthine presupposes the absence of hydrochloric acid in the liquid. 

The above method of separation with ammonia does not give exact 
results on account of the not inconsiderable solubility of guanine in warm 
ammonia. According to Kossel and Wulfp,^ the guanine may therefore 
be precipitated from sufficiently dilute solutions by an excess of metaphos- 
phoric acid and the nitrogen determined in the washed precipitate by 
Kjeldahl^s method. The adenine and hypoxanthine may be precipitated 
from the filtrate by ammoniacal silver nitrate. The silver compound is 
decomposed with very dilute hydrochloric acid and the adenine separated 
from the hypoxanthine according to the suggestion of Bruhns.^ in regard 
to the complications in the detection and exact estimation of purine bodies 
in extracts of organs, we refer to the %vorks of His and Hagen and of 
Burian and Hale,^ 

NH--~CO 

I I 

Uracil, C4H4N202=0C CH (2, 6-dioxy pyrimidine), was first obtained 

I II 

NH^CH 

by Ascoli and KoSkSEL from yeast nucleic acid and later prepared by Kos- 
SEL and Steudel from thymusnucleic acid and herring testicles, by Levene 
from the spleen and pancreas nucleic acids, and by Levene and M andel from 
the nucleic acid of the haddock roe. The synthetical preparation was first 
performed by E. Fischer and Roeder.*^ . 

Uracil crystallizes in needles which cluster in rosettes. On careful heat- 
ing it sublimes in part undecomposed, but develops red vapors and decom- 
poses in part. It is readily soluble In -.hot. water but less so in cold water, 


® His and Hagen, 30, and Bnmn and Hall, ibid.» 38. 

^ Ascoli,' 31; Kossel and Steudel, 37; Levene, Ml., 38, 30; Levene 
and 'Mandel, ibid.', 40; E. Fischer and- Roeder, '-'Ber. d. d. chem. Gesellsch., 34. 
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and is- nearly ■■insbluble in alcohol and ether.. It is re,adi!y soluble in am-, 
■monia. It is .precipitated by silver-nitrate solution only after the careful 
addition of ammonia or baryta-water, as the precipitate is readily soluble in 
an excess of ammonia. Uracil responds to Weidel’s test (p. 160). ' IH:, 
regard to the preparation of uracil see Kossbl and Stbudel.^ - 

NH— CO , 


Thymine, C5H6N202=0C C.CHs (5-methyIuracil). This body, .which 


■NH-~-CH 

is identical with nudeosin obtained by Sghmiedebbrg from salmonucleic acid, 
is obtained from the thymusnucleic acids and was first prepared by Kossel 
and Neumann from thymusnucleic acid, and then by other investigators, 
especially Levene and Hand el, from other animal nucleic acids. Fischer 
and Roeder and recently Gerngross ^ have prepared it synthetically. 

Thymine cr}^stallizes in small leaves grouped in stellar or dendriform 
clusters or, rarely, in short needles (Gulewitsch ^). On heating it sublimes. 
It is difficultly soluble in cold water, more soluble in hot water, and insolu- 
ble in alcohol. It behaves like uracil towards ammonia or baryta-water 
and silver nitrate. Thymine is precipitated by phosphotungstic acid, which 
does not precipitate uracil. Bromine-water is decolorized by thymine, pro- 
ducing bromthymine. For its detection we make use of the sublimation, 
the behavior towards silver nitrate, and its elementary analysis. 

In regard to the methods of preparation see Kossel and Neumann 
and W. Jones.^ V ' ■ ' 

HN— C.NH 2 


Cytosine, C 4 H 5 N 30 = 0 C 


(6-amino-2-oxypyrimidme), was first 


prepared by Kossel and Neumann from thymusnucleic acid, and then by 
Kossel and Steudel, also by Levene and IMandel, from the spleen and 
many other animal nucleic acids, by Inouye and Kotake ^ from the nucleic 
acid of the intestine, and finally also by Wheeler and Johnson from tritico- 
nucleic acid. Wheeler and Johnson ® have also prepared it synthetically. ' 

The free base is difficultly soluble in w^ater and ciystallizes in thin, 
leaves with a mother-of-pearl luster. The double compound with platinum 

® Schmiedeberg, L c.; Arch. f. exp. Path, u, Pharm., 37; Kossel and Neumann, v 
Ber. d. d. chem. Gesellsch., 20 and 27; Mandel and Levene, Zeitschr. f. physiol. Chem., 
40, 47, 40, 50; E. Fischer and Roeder, ibid., 34; Gerngross, ibid., 38. ^ 

'■ , ■* Kossel and Neumann, 1. c., and W.. Jones,- 'Mtschr, i. physiol. Chem., 20, 461, - 


“Amer. Chem. Journ., 20; see also foot-note 2, 
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cWoridej the crystalline picrate, the nitrate, and the two sulphates are of 
importance' in the- detection of, cytosine. . This base is precipitated by:phos- 
photiingstie ,acid^ and by silver nitrate . in -the presence of an excess of 
barium h 3 ^droxide/ which fact is of importance in the detection of cytosine 
(Kijtschek). Cytosine gives, like uracil, the murexid reaction with chlorine- 
water and ammonia. In regard- to the preparation of this base, see. 
Kossel and Eteudel and. Kutscher.^ 

The purine bases and the pyrimidine bodies are closely related to each 
other not only from a chemical but also from a physiological point of view, 
and for this reason the question has been repeatedly asked whether or not 
the pyrimidine bodies might not m part be products produced from the 
purine bodies by the action of acid. All researches thus far carried on to 
elucidate this question contradict such a possibility. 

Mineral Bodies. The mineral substances found habitually in the cells 
of higher plants and of animals are potassium, sodium, calcium, magnesium, 
iron, phosphoric acid, chlorine, and perhaps also iodine (Justus). In cer- 
tain cells we also find manganese, silicic acid, arsenic, barium, and lithium.^ 
We are chiefl}?' indebted to Liebig for showing that the mineral bodies are as 
important for the normal constitution of the organs and tissues, as w-ell as 
for the normal performance of the processes of life, as the organic constituents 
of the body. The importance of the mineral constituents is evident from 
the fact that we know no animal tissue and no animal fluid which is free 
from mineral bodies, and also from the fact that certain tissues or tissue 
elements contain chiefl}" certain mineral bodies and not others. In regard 
to the alkali compounds this di'vision is, in general, as follows: The so- 
dium compounds occur cWefl}^ in the fluids, w’hile the potassium compounds 
occur especially in the form-elements. Corresponding to this, the ceils con- 
tain chiefly potassium as phosphate, wJiile they are less rich in sodium and 
chlorine compounds. Still w^e have some exceptions to this rule, and it 
must be remarked that Beebe ^ has found considerably more sodium than 
potassium in malignant tumors. 

The importance of potassium for the life and the development of the cell 
has been shown by several observations. A veiy instructive and interesting 
example of this action has been shown by Loeb^ in his investigations on 
the pathogenesis of the egg of the sea-aiinelide Chsetopterus. The un- 


^ Kossel and Steudel, Zeitschr. f, physiol. Chem., B7 and S8; Kutscher, ibid,, S8. 

- ® Justus, Virchow's Arch., 170 and 170. In regard to arsenic see the works of 
Gautier, Cbmpt. rend,, 129, 100, ISl, 189; Bertrand, ibid., 184; Segale, Zeitschr. L 
physiol. Chem., 42; Kunkel, ibid., 44. In regard to the barium see Schulze and Thier- 
felder, Bitzungsber. d. Gesellsch. naturforsch. Freunde, 1905, No. 1, and in regard to 
hthium see Hermann, Pfltlgeris Arch., '109., 

® Amer. Journ, of PhysioL, 11 and 12. . ’ . ' ( ' ' 

8, 4, and Pfliiger's Arch., 8?. 
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fertilized eggs alone, develop only to the eighth or six- 

teenth celFstage; after a short stay in sea-water to which KCl was added 
they developed to the trichophora larva. The fact that the KCl could not 
be replaced by other chlorides/ but could be replaced by other potassium 
salts also shows that we are here dealing with a specific action of the 
potassium ions. 

The dimion of the potassium in cells and various tissues seems^ accord- 
ing to Macallum/ to be peculiar and essentially different. According to 
Macallum the potassium is absent in the cell nuclei and in the head of 
spermatozoa as well as in nerve-cells and their axis-cylinders, while it occurs, 
on the contrary, in the medullary sheath and especially in the region of the 
nodes of Ranvier. A peculiar division of the potassium also occurs in the 
muscle fibers and secreting glandular cells. 

The importance of phosphoric acid is not clear; it is possible that 
this acid is important for the formation of the lecithins and nucleins, and 
thereby indirectly makes possible the processes of growth and division, 
which are dependent upon the cell nucleus. Loew ^ has shown, by means 
of cultivation experiments on algse Spirogyra, that only by supplying 
phosphate (in his experiments potassium phosphate) wms the nutrition 
of the cell nucleus made possible, and thereby the growth and division of 
the cells. The cells of the Spirogyra can be kept alive and indeed produce 
starch and proteins for some time without a supply of phosphates, but 
their growth and propagation suffer. 

As both phosphoric acid and iron are obtained from the nuclein sub- 
stances it is likely that these mineral bodies' are, at least relatively, richest 
in the nucleus. As to the division of the mineral bodies bertveen the 
protoplasm and the nucleus we know nothing with positiveness, and the 
same is true as to the form of combination of the mineral bodies in the nu- 
cleus. On incineration we obtain not only a mixture of the mineral bodies 
of the nucleus and protoplasm, but, as is true for all animal fluids and 
tissues, the original relationship is markedly changed. The combinations 
between the colloidal and mineral substances are destroyed, carbon dioxide 
discharged, and sulphuric acid and phosphoric acid may be produced from 
the organic bodies. The ordinary chemical analysis is not sufficient for 
the study of the mineral constituents of the fluids or tissue, their forms 
of combination and action; hence we must resort to physical-chemical 
methods. 

According to the investigations carried on by these methods the con- 
clusion has been reached, irrespective of the importance of the mineral 
bodies for the osmotic tension in the cells and tissues, that the part taken 
by the mineral bodies in cell life is essentially dependent upon the action 

2 Biolog. Centralbl., 11, 269* 


^ Journ. of Physiol., S2, 
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of the ions. For exampley the permeability of the blood-eorpiiscles as 
well as other ceils for neutral alkali salts, which will be treated in the 
following chapter, shows an^ exchange of ions! ■ The investigations ' of Mail- 
LAED on the toxic action of copper salts and of Paul and Koenig ^ on 
that of memvay salts, acids, and alkalies offer other examples. From these 
investigations it follows that the toxicity is dependent upon the dissociation 
and that it is not dependent upon the total amount of, for example, copper 
or mercury salts present in the solution, but rather upon the number of 
copper or mercury ions. 

Beautiful and instructive examples of the importance of the ions for 
cell life have been shown by Loeb^ and his collaborators. It is not within 
the scope of this book to give a detailed account of this important work, 
but perhaps it will be sufficient to give at least one example. The develop- 
ment of the eggs of the Fimdulus can be retarded for a long time by a | 
normal NaCl solution. On the addition of CaS04 this retardation is prevented 
and the development proceeds- Other calcium salts act like the sulphate, 
but alkali sulphates like Na2S04 or other neutral alkali salts do not have 
this action, hence it must be a calcium ion action. Small quantities of 
other divalent cations, also trivalent ions, act in a similar way to calcium, 
while the salts of monovalent cations do not have this action. The fact 
that the fresh fertilized Fundulus eggs develop in distilled water as well as in 
sea-w^ater shows that we are not dealing simply wuth a taking up of the salts 
necessary for development, but rather with an antagonistic salt action. They 
quickly die in a pure NaCl solution (having a concentration equal to that 
of sea-w'ater) ; but if to the NaCl solution a small amount of zinc sul- 
phate is added, the eggs are in condition to form an embryo. The common 
salt can also retard the toxic action of the zinc salt. According to Loeb 
every solution which contains only one electrolyte is poisonous, and this 
toxicity can be prevented by another electrolyte, and in certain cases by 
tw^o other electrolytes. We are still undecided how the salts act in this 
regard; Loeb^ believes that the antagonistic action of two salts may pos- 
sibly be brought about by the fact that the diffusion in the egg is slownr 
w'hen the two are simultaneously in the solution than when each is alone 
in the solution. It is a difficult question to decide how the valence of the 
ions influences the power of certain ions to act as poisons or as anti-poisons. 

The chief mass of the cells consists of colloids, and as the normal func- 
tions of the cells are connected writh a certain physical condition of the proto- 


^ Mailiard, Joum. de Physiol, et Path., 1; Paul and Kronig, Zeitschr, f. physikaL 
Chem., IB, and Zeltschr. f. Hygiene, B5, 

' ® Loeb. Amer, Joum. Physiol., S, 4, and 6; Pfluger's Ai^ch., 80, 87, 88, and (with 
Gies) 97, 101, and 107, and University of California Publications, Physio!., 1 and 2. 
See also W. Oswald, Pfliiger's Arch., 106 . 

^ Pliuger^s Arch., 107- ; " ■ 
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plasm it is natural to consider the action of 'the ions in relationship, to the 
■change in the; state; of the colloids.: The colloids can- be precipitated ;by 
electrolytes, and the investigations of Hardy and Pauli ^ show that ' we 
are here' probably also ' dealing with an ion ' action. Negatively charged' 
colloids are, according to Hardy, precipitated by cations and positively 
charged by anions. A physiologically balanced salt mixture suitable for 
the norma! functions may also be produced by the antagonism of the ion 
action in a complex solution containing several salts (Loeb and Gies). 
Changes in one or the other direction must correspondingly also bring 
about changes in the state of the colloid by the action of the ions. The 
action of ions in these cases, as well as the nature of colloids and the reasons 
for the change in their conditions, is a very diiBcult question, and its solu- 
tion is still not answered 2 


^ See foot-note 1 and 2, p. 168, and Mathews, Amer. Journ. of Physiol., 10 and 1£. 

* Hardy, Journ. of Physiol., 24, and Zeitschr. f. physikal. Chem., 33. See in regard 
to colloids Hober, Physikal. Chemie der Zelle und der Gewebe, Leipzig, 1906. Ham- 
burger, Osmotischer Druck und lonenlehre in den mediz. Wissenschaften, Bd. 3, 1904 
and H. Aron, Biochem. Centralbi., 3, 505, and 4, 557. 
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THE BLOOD. 

The blood is to be considered from a certain standpoint as a fluid tissue, 
and it consists of a transparent liquid, the blood-plasma^ in which a vast 
number of solid particles, the red and white blood-corpuscles {and the blood- 
plates), are suspended. We also find in the blood granules of different kinds, 
which are to be considered as transformation products of the form-ele- 
ments.^; ' " 

Outside of the organism the blood, as is well known, coagulates more or 
less quickly ; but this coagulation is accomplished generally in a few minutes 
after leaving the body. All varieties of blood do not coagulate with the 
same degree of rapidity. Some coagulate more quickly, others more slowly. 
In veitebrates with nucleated blood-corpuscles (birds, reptiles, batrachia, 
and fishes) Delezenne has showm that the blood coagulates very slow’’ly if 
it is collected under precautions so that it does not come in contact with 
the tissues. On contact with the tissues or with tissue extracts it coagu- 
lates in a few minutes» The blood with non-nucleated blood-corpuscles 
(mammals) coagulates, on the contrary, very rapidly. The coagulation 
of the blood in these cases may also be somewhat retarded by preventing 
the blood from coming in contact with the tissues (Spangaeo, Arthus^). 
Among the varieties of blood of mammals thus far investigated the blood 
of the horse coagulates most slowly . The coagulation may be more or less 
retarded by quickly cooling; and if we allow equine blood to flow directly 
from the vein into a glass cylinder wdiich is not too wide and which has been 
cooled, and let it stand at 0® C., the blood ma}^ be kept fluid for several 
days. An upper amber-yellow layer of plasma gradually separates from a 
lower red layer composed of blood-corpuscles with only a little plasma. 
Between these is observed a whitish-gray layer which consists of white 
blood-corpuscles. ' ' • , ■ . 

, The plasma thus obtained and filtered is a clear amber-yellow alkaline 


®'Dele«em)e, Compfc. rend. Soc.';de .#9i''’"Spai]igaro, Axck, Ital de Biol. 


Artfaue, Joarja. de Pfiysxol et Pathol, -4,: 
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(towards litmus) liquid which remains fluid for some time when kept at 
0® C., but soon coagulates at the ordinary temperature. 

The coagulation of the blood may be prevented in other ways. After 
the injection of peptone, or, more correctly, proteose solutions into the 
blood (in the !i\dng dog), the blood does not coagulate on leaving the veins 
(Fano, Schmidt-Mulheim^). The plasma obtained from such blood by 
means of centrifugal force is called pepone-plasma. According to Ahthus 
and tluBER^ the caseoses and gelatoses act similarly to fibrin proteose in 
dogs. Eel serum and certain lymph-forming extracts of organs (see Chapter 
Vli) also have an analogous action. The coagulation of the blood of warm- 
blooded animals is prevented by the injection of an effusion of the mouth 
of the officinal leech or a solution of the active substance of such an infusion, 
herudin (Franz), into the blood current (Haycraft^). If the blood is 
allowed to flow directly, while stirring it, into a neutral salt solution — best 
a saturated magnesium-sulphate solution (1 vol. salt solution and 3 vols. 
blood) — we obtain a mixture of blood and salt which remains uncoagulated 
for several days. The blood-corpuscles, which, because of their adhesive- 
ness and elasticity, would otherwise pass easily through the pores of the 
filter-paper, are made solid and stiff by the salt, so that they may be easily 
filtered. The plasma thus obtained, which does not coagulate spontaneously, 
is called salt-plasma. 

An especially good method of preventing coagulation of blood consists 
in drawing the blood into a dilute solution of potassium oxalate, so that 
the mixture contains 0.1 per cent oxalate (Arthus and Pages ^). The 
soluble calcium salts of the blood are precipitated by the oxalate, and hence 
the blood loses its coagulability. On the other hand, Horne ^ found that 
chlorides of calcium, barium, and strontium, when present in large amounts 
(2-3 per cent), may prevent coagulation for several days. According to 
Arthus ^ a non-coagulabie blood-plasma may be obtained by drawing the 
blood into a sodium-fluoride solution until it contains 0.3 per cent NaFl. 

On coagulation there separates in the previously fluid blood an insoluble 
or a very difficultly soluble protein substance, fJhi^in, When this separation 
takes place without stirring, the blood coagulates in a solid mass wffiich, 
when carefully severed from the sides of the vessel, contracts, and a clear, 
generalh^ yellow-colored liquid, the blood-senm, exudes. The solid coagulum 
which encloses the blood-corpuscles is called the blood-clot (placenta sam 


^ Fano, Arch, f (Anat. u ) Physiol,, 1881; Schmidt-Mulheim, ihid.^ 1880,. 

^ Arch, de Physiol. (5), 8. 

^Haycraffc, Proc. Physiol Soc., 1884, 13, and Arch. f. exp. Path. u. Pharm., 18; 
Fran?, Arch. f. exp. Path. u. Pharm., 4&. / , ' ; 
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guinis). If the blood is beateii' during, coagulation, the fibrin ' separates in 
;elastic threads or, fibrous masses, and the which separates, 

is sometimes called and consists of blood-corpuscles and Hood- 

serum, while uncoagulated blood consists of blood-corpuscles and blood- 
plasma. The essential chemical difference between blood-serum and blood- 
plasma is that the blood-serum does not contain even traces of the mother- 
substance of fibrin, the fibrinogen, which exists in the blood-plasma, and 
the serum is proportionally richer in another body, the fibrin ferment (see 
page 175). 

L BLOOD-PLASMA AND BLOOD-SERUM. 

The Blood-plasma. 

In the coagulation of the blood a chemical transformation takes place in 
the plasma. A part of the proteins separates as insoluble fibrin. The 
albuminous bodies of the plasma must therefore be first described. They 
are, as far as we know at present, fibrinogen^ nucleoproteid, serglohulins^ and 
seralbumins* 

Fibrinogen occurs in blood-plasma, ch3de, lymph, certain transudates 
and exudates, in bone-marrow (P. Muller), and perhaps also in other 
lymphoid organs. The seats of formation of fibrinogen are, according to 
Mathews, the leucocytes, especially of the intestine, according to Muller, 
the bone-marrow and probably other lymphoid organs such as the 
spleen and lymph glands, and according to Doyon and Nolf, the liver. 
The statement that the intestinal wall is a seat of formation of fibrinogen, a 
view that had already been held by Dastre, is substantiated not only by 
the direct researches of Mathews, but also by the older and confirmed 
statement that the blood from the mesentery vein is richer in fibrinogen 
than the arterial blood. The occurrence of fibrinogen in the bone-marrow, 
as shown by Muller, and an increase of fibrinogen in the blood as well as in 
the bone-marrow of animals immunized with cert-ain bacteria, especially 
pus-staphylococci, indicates the formation of fibrinogen in this tissue. That 
the liver takes part in the formation of fibrinogen is made probable by the 
fact that the quantity of fibrinogen in the blood strongly diminishes after 
the extirpation of the liver (Nolp), and that fibrinogen may indeed be 
entirely absent in the blood in phosphorus poisoning (Cobin and Ansiaux, 
Jacoby, Doyon, Morel, and Karepp ^), 


. ^The name crmr is used in different senses. We sometimes mean thereby only 
the blood when coagulated in a red solid mass, in other cases the blood-clot after 
the separation of the serum, and again the sediment consisting of red blood-corpuseles 
which is obtained from defibrihated blohd'by means of centrifugal force or by letting^ 

", ' ® P. Miiller, HofmeistePs BeitrUge, 'Sj.-.'Sfathews, Amer. Joum. of Physiol, 8; Nolf, 
■Bull Acad. Boy, Beig„ 1905, and Arch, intern.- de Physiol, 1905: Corinand Ansiaux,,. 
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Fibrinogen has the general properties of the globulins^ but differs from 
other globulins as follows: In a moist condition it forms white flakes which 
are soluble in dilute common salt solutions, and which easily conglom- 
erate into tough, elastic masses or lumps. The solution in 5-10 per cent 
NaCl coagulates on heating at 52-55° C., and the faintly, alkaline' or 
nearly neutral weak salt solution coagulates at 56° C., or at exactly the 
same temperature at which the blood-plasma coagulates. Fibrinogen 
solutions are precipitated by an equal volume of a saturated common 
salt solution, and are completely precipitated by adding an excess of NaCl 
in substance (thus differing from serglobulin). A salt-free solution of 
fibrinogen in as little alkali as possible gives with CaCl 2 a precipitate which 
contains calcium and soon becomes insoluble. In the presence of NaCl 
or by the addition of an excess of CaCl 2 the precipitate does not appear.^ 

A neutral solution of fibrinogen is precipitated by a concentrated solution 
of sodium fluoride when added in sufficient quantity. Fibrinogens from 
different kinds of blood behave somewhat differently in this regard, Ac-» 
cording to Hxjiskamp ^ fibrinogen from horse-blood hardly dissolves in NaCl 
of 3-5 per cent at ordinary temperatures, while it does dissolve at 40-45°. 

It also dissolves in ammonia of 0.05 per cent, and on the addition of 3-5 
per cent NaCl this solution can be neutralized. The fibrinogen prepared 
by Huiskamp in this way retained its typical properties. Fibrinogen 
differs from the myosin of the muscles, which coagulates at about the 
same temperature, and from other protein bodies, in the property of being 
converted into fibrin under certain conditions. Fibrinogen has a strong 
decomposing action on hydrogen peroxide. It is quickly made insoluble 
by precipitation with water or with dilute acids. Its specific rotation is 
(a)i)=--52,5° according to Mittblbach,^ 

Fibrinogen may be easily separated from the salt-plasma or oxalate** 
plasma by precipitation with an equal volume of a saturated NaCl solution. 

For further purification the precipitate is pressed, redissolved in an 8 per 

cent salt solution, the filtrate precipitated by a saturated salt solution as 

above, and after being treated in this way three times, the precipitate at 

last obtained is pressed between filter-paper and finely divided in water. ' ; 

The fibrinogen dissolves with the aid of the small amount of NaCl con- [ 

tained in itself, and the solution may be made salt-free by dialysis with ; 

%^ery faintly alkaline water. The fibrinogen can be nearly freed from ; 

fibrin-globulin, which will be spoken of later, by precipitating with double 

the volume of saturated sodium-fluoride solution, redissolving in water I 

•' — ^ — : — - ‘ 

Malyhs Jahresber., 24; Jacoby, Zeitschr, f. physiol. Chem., 30; Doyon, Morel, and Kareff, ^ 

Compt. rend., 140; Doyon, Morel, and Pdju, Compt. rend. soc. biolog., 58, i 

^See Hammarsteii, Zeitschr. f, phy^ol. Chem., 22; Cramer, 23. ■ 

^ Huiskamp, ibid.^ 44 and 40. In regard to fibrinogen the reader is referred to . j 

the author's investigations. Pfluger's Archiv,-19 -and 22, and Zeitschr. f. physioL 
Chem., 28. . ^ ' '' _ /■ y- ’ , , | 

® Zeitschr. t physiol Chem., 19. _ ^ 'V', ' x " 
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with 0.05 per cent ammonia, and then neutralizing this solution treated 
with NaCl, and repeating this several times. Fibrinogen may alsO; accord- 
ing to be prepared by fractionally precipitating the plasma with a 

saturated solution of ammonium sulphate. We have no knowledge as to 
the purity of the fibrinogen so prepared. From transudates we ordi- 
narily obtain a fibrinogen which is strongly contaminated with leeithiii 
and which can hardly be purified without decomposing it. The methods 
for the detection and quantitative estimation of fibrinogen in a liquid were 
formerly based on its property of yielding fibrin on the addition of a little 
blood, of serum, or of fibrin ferment, Reye has suggested the fractional 
precipitation with ammonium sulphate as a quantitative method. The value 
of this method has not been sufficiently tested. 


Fibrinogen stands in close relationship to its transformation product, 
fibrin. 

Fibrin is the name of that protein body which separates on the so-called 
spontaneous coagulation of blood, lymph, and transudates as well as in the 
coagulation of a fibrinogen solution after the addition of serum or fibrin 
ferment (see below). 

If the blood is beaten during coagulation, the fibrin separates in elastic, 
fibrous masses. The fibrin of the blood-clot may be beaten to small, less 
elastic, and not particularly fibrous lumps. The typical fibrous and 
elastic white fibrin, after washing, stands, in regard to its solubility, close 
to the coagulated proteins. It is insoluble in water, alcohol, or ether. It 
expands in hydrochloric acid of 1 p. m., as also in caustic potash or soda 
of 1 p. m., to a gelatinous mass, which dissolves at the ordinary tempera- 
ture only after several days; but at the temperature of the body it dis- 
solves more readily although still slowly. Fibrin may be dissolved by 
dilute salt solutions after a long time at the ordinary temperature or much 
more readily at 40° C., and this solution takes place, according to Ahthus 


and Hxjbeb and also Dastre,^ without the aid of micro-organisms. This 
action is due to proteolytic enzymes carried down by the fibrin or enclosed 
within the leucocytes (Rulot^). According to Green and Dastre‘^ two 
globulins are formed in the solution of fibrin in neutral salt solution, and 
according to Rulot also proteoses (and peptones) on the solution of fibrin 
containing leucocytes. Fibrin, like fibrinogen, decomposes hydrogen 
peroxide, due to a contamination with catalases, but this property is de- 
stroyed by heating or by the action of alcohol 

What has been said of the solubility of fibrin relates only to the 
, fibrin obtained from the arterial blood of mammals or mail by wliipping 


^ W. Reye, IJber NachweisRud Bestimmung des Fibrinogens, Inaug,-Diss« Strass-' 
burg, 1898. 

'■ ^Artliiis and Huber, ArchVde Physiol.' (5), B; ^Bastre, ibid, (5), 7. , 
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and wasliiiig first with water and with common salt solution and then 
with water again. The blood of various kinds of animals yields fibrin with 
somewhat different properties, and according to Fcrmi ^ pig-fibrin dissolves 
much more readily than ox-fibrin in hydrochloric acid of 5 p. m.. Fibrins 
of varying purity or originating from blood from different parts of the body 
have unlike solubilities. 

The fibrin obtained by beating the blood and purified as above de- 
scribed is always contaminated by secluded blood-corpuscles or remains 
thereof, and also by lymphoid cells. It can be ol^tained pure only from 
filtered plasma or filtered transudates. For the pure preparation, as well 
as for the quantitative estimation of fibrin, the spontaneously coagu- 
lating liquid is at once, or the non-spontaneously coagulating liquid only 
after the addition of blood-serum or fibrin ferment, thoroughly beaten 
with a whalebone, and the separated coagulum is washed first in water 
and then ■with a 5 per cent common salt solution, and again with water, 
and finally extracted with alcohol and ether. If the fibrin is allowed tn 
stand for some time in contact with the blood from which it was formed, 
it partly dissolves (fibrinolysis — Dastre^). This fibrinolysis must be 
prevented in the exact quantitative estimation of fibrin (Dastre). The 
blood constituents that are active in fibrinolysis are still not known, but 
they are without doubt of enzymotic nature. It must be mentioned that 
a strong fibrinolysis takes place in blood after acute phosphorus-poisoning 
.(Jacoby and others), after extirpation of the liver (Nolf), and also when 
the coagulability of the blood has been reduced by the injection of pro- 
teoses (Nolf, Rulot^). 

A pure fibrinogen solution may be kept at the ordinary temperature 
until putrefaction begins without showing a trace of fibrin coagulation, ^ 

But if to this solution is added a water-washed fibrin-clot or a little blood- 
serum, it immediately coagulates, and may yield perfectly typical fibrin. 

The transformation of the fibrinogen into fibrin requires the presence of \ 

another body contained in the blood-clot and in the serum. This body, | 

wdiose importance in the coagulation of fibrin was first observed by | 

Buchanan,^ was later rediscovered by Alexander Schmidt^ and desig- [ 

nated as fibrin ferment or thrombin. The nature of this enzymotic body has 
not been ascertained with certainty. Although many investigators, , 

especially English, consider fibrin ferment as a globulin, still more recent 
experiments of Pekelharing and others show that it is a nucleoproteid 
which according to Hxjiskamp® occurs in the thymus gland partly as 

® Jacoby, Zeitschr. f. physiol Chem., SO; Nolf, Arch, intern, de Physiol, S, 1905; 

London Med. Gazette, 1845, 617. Cit. by Gamgee, Journal of Physiol, 1879. ' | 

®Pfiuger^s Arch., 0; see also Zur Blutlehre, 1892, and Weitere Beitrage zur Blut- , . I 

. “Pekelharing, Verhajidl. d. toni AW. d. Wetenseli. te Ainstedam, 1892, Deel 1; ' , | 
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liiicleoliistme and/partly. in. . anot^^^ Fibrin ferment is produced^ 

according to Pekelharing, by the influence of soluble calcium salts on a' 
.'■preformed' ' Zymogen existing in the non-coagulated plasma. ■ Schmidt 
: admits of . the presence of such a mother-substance of the fibrin ferment 
in the blood and calls it prothrombin. The conversion of this mother- 
substance into thrombin requires, according to more recent investigations, 
the presence of a second, zymoplastic-acting substance (see Coagulation 
■ of ''the Blood). Thrombin' is like other enzymes in that the very smallest 
amount of it produces an action and its solution becomes inactive on. 
heating. The velocity of coagulation is dependent upon the quantity 
of thrombin, and Fuld has found that at least within certain limits an 
increase of double the quantity of enzyme causes an increase of the coagu- 
lation velocity to one and one half. This is true only for experiments with 
plasma and solutions containing kinases (see Coagulation of the Blood), and 
Martin ^ has found another law from experiments with plasma and snake- 
poisons containing thrombin. According to him the behavior is as follows: 
As in the casein coagulation with rennin, the velocity of coagulation is 
inversely proportional to the quantity of ferment. The optimum of the 
thrombin action lies at about 40^ C.; at 70-75° C. the enzyme is destroyed. 
The question as to whether the thrombin found in different animals is 
the same substance or whether we have several thrombins has not been 
decided. The latter is not improbable; nevertheless a definite specificity 
of different thrombins has not been observed with certainty. 

The isolation of thrombin has been tried in several ways. Ordinarily 
it may be prepared by the following method, proposed by Alex. Schmidt ^ 
Precipitate the serum or defibrinated blood wdth 15-20 vols. of alcohol and 
allow it to stand a few months. The precipitate is then filtered and dried 
over sulphuric acid. The ferment may be extracted from the dried 
powder by means of water. Other methods have been suggested by 
Hammarstbn and by Pekelharing.^ 

The preparation of a thrombin solution as free as possible from lime 
may be accomplished by removing the lime salts from the serum by means 
of oxalate and precipitating the serum wfith alcohol and allowing it to 
stand under alcohol for several months. The dried powder is rubbed with 
water and freed from soluble salts by repeated lixiviation with water and 
by the use of centrifugal force. Then each gram of powder is allowed to 
stand some time with 100-150 c.c. water, is filtered, and in this w’-av a solu- 


1895, and Centralbl f. Physiol, 9; Wright, Proc. Roy. Irish Acad. (3), 2, The 
Lancet, 1892, and On Wooldridge’s Method, etc., British Med. Journal, 1891; Lilien- 
feld, H&natol. Untersuch., Arch. f. (Anat. u.) physiol, 1892; itber Leukocyten und 
Biutgerinnung, ibid , ; Halliburton and Brodie, Journal of Physiol , 17 and 18; Huiskamp, 
Zeitschr, f, physiol. Chem., Pekelharing and Huiskamp, ibid,, 39. 

^Martin, Journ. of Physiol, 32;;^Fuld, 'Hofmeisteris Beitrage, 2. 

®Pfliigeris Arch., 9. 

^Hanmarsten, 18; Pekelharing, I" 0 . ” 
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tion is obtained which contains only about 0.3-0.4 p. m. solids' and about 
,0.0007, p. m. CaO (Hammaksten). 

If a fibrinogen solution containing salt, as , above prepared, is treated 
with a solution of fibrin ferment, it coagulates' at the ordinary tempera- 
ture more or less quickly and yields a typical fibrin. Besides the fibrin 
ferment the presence of neutral salts is necessary, for Alex. Schmidt has 
shown that fibrin coagulation does not take place without them. The 
presence of soluble calcium salts is not, as is generally assumed, a positive 
condition for the formation of fibrin, because, as shown by Alex. Schmidt, 
Pekblhabing, and Hamm^irsten,^ thrombin can transform fibrinogen into 
typical fibrin in the absence of lime salts precipitable by oxalate. The 
fibrin is not richer in lime than the fibrinogen (Hammarstbn') used to pre- 
pare it if the fibrinogen and thrombin solutions are employed as lime-free as 
possible, and the view that the fibrin formation is connected with a taking 
up of lime has been shown to be untenable. The quantity of fibrin obtained 
on Coagulation is always smaller than the amount of fibrinogen from which 
the fibrin is derived, and we always find a small amount of protein substance 
in the solution. It is therefore not improbable that the fibrin coagulation, 
ill accordance with the views first proposed by Denis, is a cleavage process 
in which the soluble fibrinogen is split into an insoluble protein, the fibrin, 
which forms the chief mass, and a soluble protein substance which is pro- 
duced only in small amounts. We find a globulin-like substance which 
coagulates at about 64*^ C, in blood-serum as well as in the serum from 
coagulated fibrinogen solutions. This substance is called fibrin-globulin by 
Hammarsten, The recent investigations of Huiskamp have shown that this 
substance is not formed as a cleavage product from pure fibrinogen but occurs 
in plasma or in fibrinogen solutions not purified of sodium fluoride beside 
the fibrinogen, or perhaps in loose combination with fibrinogen. The view 
that a cleavage takes place in the coagulation of the fibrinogen has not 
been supported by these investigations.^ 

There exist also other views in regard to the processes of coagulation in 
the formation of fibrin which are even less positively founded. The fact 
that the soluble lime salts are not necessary for the transformation of fibrin- 
ogen into fibrin is not in contradiction to the other fact that they must be 
present in the coagulation of blood or plasma. This apparent contradiction 
may be explained, as shown later, by the special condition of the blood- 
plasma, and we must not overlook the fact that the coagulation of the blood 
is a much more complicated process than the coagulation of a fibrinogen 


^ See Hammarsten, Zeitschr. f. physiol. Chem., 22, which also cites the works of 
Schmidt and Pekelharing, and ibid,j 28. 

^See Hammarsten, Zeitschr. f. physiol. Chem., 28; Heubner, Arch. f. exp. Path, 
u, Pharm., 40, and Zeitschr. f, physiol. Chto., 45; Huiskamp, ibid., 44 and 46. 
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soMtim, inasmiich as the first involves other important questions, as, for 
instance, the reason for the blood remaining fluid in the body, the origin of 
the fibrin ferment, the importance of the form-elements in the coagulation 
etc. A fuller discussion of the various hypotheses and theories concerning 
the coagulation of the blood must therefore be given later. 

Nucleoproteid* This substance, which, as above mentioned, is considered 
by Pekelhaking and Huiskamp as identical with the prothrombin or thrombin, 
occurs in the blood-plasma as well as in the serum, and is precipitated from the 
latter with the giobuiin. It is similar to the globulin in that it is readily soluble 
in neutral salt solution and can be completely salted out on saturation with 
magnesium sulphate and separates only incompletely on dialysis. It is much 
less soluble than serglobulin in an excess of dilute acetic acid and coagulates 
at 65-69° C. The difficulty of solution in acetic acid is used by Pekelharing 
as an important means of separating the compound proteids from the globulins. 

Serglobulims, also called paraglobulm (Kuhne), fibrimplasiic substance 
(Alex. Schmidt), serum-casein (Panum^), occur in the plasma, senim, 
lymph, transudates and exudates, in the white and red corpuscles, §nd 
probably in many animal tissues and form-elements, though in small quan- 
tities. They are also found in the urine in many diseases. 

The so-called serglobulin is without doubt not an individual substance, 
but consists of a mixture of two or more protein bodies wliich cannot be 
completely and positively separated from each other. The mixture of 
globulins obtained from blood-plasma or blood-serum by saturation with 
magnesium sulphate or half-saturation with ammonium sulphate consists 
of nucleoproteid, fibrin-globulin, and the true serglobulin or mixture of 
globulins. 

The nucleoproteid has already been discussed. The fibrin-globulin, 
which occurs in the semm onl}" in small amounts, can be completely pre- 
cipitated by NaCl. It has the general properties of the globulins, but 
differs from the serglobulins by a lower coagulation temperature, 64 -G 6 ® C., 
and also in that it is precipitated by (NH4)2S04 even at 28 per cent satura- 
tion. 

Serglobidins, If the globulin obtained by saturation with magnesium 
sulphate is dialyzed, then, as has been known for a long time and fiiither 
substantiated by Maecus, only a part of the globulin separates out, while a 
portion remains in solution and cannot be precipitated by the addition of 
acid. For this reason i\l aecus ^ also differentiates between a water-soluble 
globulin and one insoluble in water. According to the recent investigations 
of Hofmeistee and Pick ^ the part insoluble in water corresponds chiefly 
to a globulin fraction readily precipitated by (NH4)2S04 (by 28 - 3(3 vols. 

^Euhne, Lehrbiich d, physiol. Ohem., Leipzig, 1866-68; Alex. Schmidt, Arch. f. 
(Anat. u.) Physiol., 1861-62; Panum, Vixchow^s Arch., S and 4, 

2 Zeitschr. f. physiol. Chem., 28,. 
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per cent saturated solution), and the part soluble in water corresponds to a 
more difficultly precipitable fraction (by 36-44 vols. per cent saturated solu- 
tion). The first fraction is called euglohulin diiid the second psetidoglobulin. 
According to Poeges and Spiro ^ the serglobulins can be separated by 
(NH 4 ) 2 SG 4 into three fractions whose precipitation limits are 28-36, 33-42, 
and 40-46 vols. per cent saturated solution. All three fractions contain 
globulin insoluble in water. Freund and Joachim^ have recently found 
that the euglobulin as well as the pseudoglobulin fraction is a mixture of 
globulin soluble in water and globulin insoluble in water, and consequently 
the number of different globulins in the serum may be still greater. 

It follows from ail these investigations that either the difference between 
the globulin soluble in water and that insoluble is not sufficient or that the frac- 
tional precipitation with ammonium sulphate is not suited for the separation of 
the various globulins. This latter seems to be the case, as shown by Haslam.^ 
It must not be forgotten that the globulin fractions are always contaminated 
with other serum constituents and that these may influence the solubilities and 
precipit ability. As Hammarsten has shown, a water-soluble globulin can be 
transformed into a globulin insoluble in winter by careful pm'ifieation, and also 
the reverse, namely, a globulin insoluble in water can sometimes be converted 
into one soluble in water by allowing it to lie in the air. An insoluble protein 
like casein can also, according to Hammarsten,^ have the solubilities of a globulin 
due to contamination wnth constituents of the serum, and K. Mobner ^ has also 
shown that a contamination of the serum-globulins with soap can essentially modify 
the precipitation of these globulins. Under these circumstances the above state- 
ments in regard to the different globulin fractions must be accepted with great 
caution. 

The investigations made thus far upon the so-called serglobulih have 
not led to any positive results. That this globulin, with the exception of 
the enzymes, immune bodies, and other unknown substances which are 
carried down by the various fractions, is a mixture of globulins there seems 
to be no doubt. The serglobulin or the globulin mixture which is obtained 
from the serum by the methods to be described has the following properties. 

In a moist condition it forms snow-white flaky masses, neither tough 
nor elastic, which always contain thrombin and hence can bring about 
coagulation in a fibrinogen solution. The neutral solution is only incom- 
pletely precipitated by NaCl added to saturation and is not precipitated by 
an equal volume of a saturated salt solution. It is only partly precipitated 
by dialysis or by the addition of acid. On saturation with magnesium 
sulphate or one-half saturation * with ammonium sulphate a complete pre- 
cipitation is obtained. The coagulation temperature is, with 5-10 per cent 
NaGl in solution, 69-76^, but more often 75® C. The specific rotation of the 

^ Hofmeister^s Beitrage, 3. 

® Zeitscbr. f. physiol. Chem,, 30, 

3Journ. of Physiol., 32. 

* See Hammarsten, Ergebhisse d. Physiol., 1, Abt. 1. 

® Zeitscbr. f. ‘physioL' Chem,, 34. 
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.so'Iution containing salt is (ci:)d= — 47.8® 'for the serglobulin from ox-blood 
(Fredericq^)., The 'various globulin fractions do not differ essentially 
from, each other in their coagulation temperatures, specific rotation, refrac- 
tion coefficient (Reiss ^), and their elementary composition. The average 
composition is, according to Hammarsten, C'52.71, H 7.01, N 15.85,. S 1.11 
per cent. K. Morner^ found 1.02 per cent sulphur and 0.67 per cent lead- 
■; blackening sulphur. All the sulphur seems to exist as cystine. 

' : Serglota as K. Morner first showed, a carbohydrate group 

which can be split off. Langstein ^ has obtained several carbohydrates 
from the blood-globulin, namely, dextrose, glucosamine, and carbohydrate 
acids of unknown kinds. It has not been shown whether these small amounts 
of carbohydrate are derived from the globulin or from other contaminating 
bodies. According to Zanetti the blood-serum contains a glucoproteid, 
and the investigations of Eichholz ^ seem to show that the globulins are 
contaminated by a glucoproteid. According to Langstein the sugar is not 
only mixed with the globulin, but it exists in a combined form, probably in 
loose combination. 

Serglobulin (the euglobulin) may be easily separated as a fine floe- 
culent precipitate from blood-serum by neutralizing or making faintly 
acid with acetic acid and then diluting with 10-20 vols. of water. For 
further purification this precipitate is dissolved in dilute common salt 
solution, or in water by the aid of the smallest possible amount of alkali, 
and then reprecipitated by diluting with water or by the addition of a 
little acetic acid. All the serglobulin may also be separated from the 
serum by means of magnesium or ammonium sulphate; in these cases it 
is difficult to completely remove the salt by dialysis. As long as we are 
not agreed as to the number of globulins in the serum, it is not necessary 
to give a method of separating the various globulins in this mixture. Thus 
far the fractional precipitation with (NH 4 ) 2 S 04 has been used chiefly. The 
serglobulin from blood-serum is always contaminated by lecithin and 
thrombin. A serglobulin free from thrombin may be prepared from fer- 
ment-free transudates, as sometimes from h 3 ^drocele fluids, and this shows 
that serglobulin and thrombin are different bodies. For the detectio!i 
and the quantitative estimation of serglobulin we may use the precipi- 
tation by magnesium sulphate added to saturation (Hammarsten), or by 
an equal volume of a saturated neutral ammonium-sulphate solution (Hof- 
MEisTER and Katjder and Poim®). In the quantitative estimation the 

^ Bull. Acad. Roy. de Belg. (2), 50. In regard^ to paraglobulin, see liammarsten* 
Pfliiger’s Arch., 17 and 18, and Ergebnisse d. Physiol, 1, Abt. 1, 

^ Hofmeister’s Beitriige, 4. 

^ Zeitschr. f. physiol. €hem., S4.' . 

^Mdmer, Centralbl. f. Physio!.,. 7;- Langstein,. Mhnch. med. Wochenschn, 1902* 
1876, and Wien. Sitziingsber., 112, Abt, XI6, 1903; Monatsheft f. Ohem. , 25; Hofmeisfceris 
Beitrlige, 6; see also foot-note 1, p. 33. ’ ^ 

® Zanetti, Chem. Centralbl, 1898, 1,, ;p* '624; Eichholz, Journ. of Physiol, 23.' 

® Hammarsten, I c.; Hofmeister,' Eauder and Pohl Arch. f. exp. Path. u. Pharm.^ 
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precipitate, is collected on a weighed filter, washed wdth the salt ^ solution 
employed, dried with' the filter' at about 115°'C., then washed with boiling- 
hot -water, so as to completely remove' the salt, extracted with alcohol and 
ether, dried, weighed and incinerated to determine the ash. The accuracy 
of these methods is questionable, as shown by the researches of Hasl.'IM. 

Seralbumins are found in' large quantities in blood-serum, blood-plasma, 
lymph, transudates, and exudates. Probably ' they also occur in other 
animal fluids and tissues. The proteids which pass into the urine under 
pathological conditions consist largely of seralbumin. 

The seralbumin like the serglobulin seems also to be a mixture of at 
least twm proteid bodies. The preparation of crystalline seralbumin (from 
horse-serum) w’as first performed by Gurber. It crystallizes with difficulty 
from other blood-sera (Gruzewska). Even from horse-serum only a 
portion of the albumins is obtained as crystals, and it is also possible that 
the amorphous albumin, w^hich is precipitated by ammonium sulphate 
with difficulty, represents two seralbumins (Maximowitsch). According 
to the statements of Gurber and Michel it would seem that the crys- 
talline seralbumin is also a mixture, but this is disproved by the obser- 
vations of Schulz, Wichmann, and Krieger.^ We know nothmg as to 
the behavior of the amorphous fraction of the seralbumin in this regard. 
Because of the different coagulation temperatures, Halliburton claims 
the existence of three different albumins in the blood-serum, a view’ which 
has been disputed by several experimenters and recently by Hougardy. 
On the other hand, the older investigations of Kauder, as w'ell as the more 
recent wmrk of Oppenheimer,^ seem to indicate a non-unit nature of the 
seralbumins, but this question is still an open one. 

The crystalline seralbumin may perhaps be a combination with sulphuric 
acid (K. Morner, Inagaki). The coagulated albumin obtained from the 
aqueous solution of the crystals by the aid of alcohol has nearly the same 
elementary composition (Michel) as the amorphous mixture of albumin 
prepared from horse-serum (Hammarsten and K. Starke ^). The average 
composition w’as C 53.06, H 6,98, N 15.99, S 1.84 per cent. K. Morner, 
after the removal of the sulphuric acid from crystalline albumin, found 
1.73 per cent total sulphur, which probably exists only as cystine. Lang- 
STEIN ^ has been able to split off a nitrogenous carbohydrate (glucosamine) 
from crystalline seralbumin. The quantity was so small that the question 


^ In regard to the literature on the crystalline seralbumins, see Schulz, Die Krista!- 
lisation von Eiweissstoffen, Jena, 1901; Maximowitsch, Malyhs Jahresber., SI, 35. 

2 Halliburton, Journ. of Physiol.,, 5 and 7; Hougardy, Centrabl. f. Physiol., 15, 
665; Oppenheimer, VerhandL d. physiol. Geselisch., Berlin, 1902. 

^Michel, VerhandL d. phys.-med. Geselisch. m Wiirzburg, 29, No. 3; K. Starke, 
Maly's Jahresber., 11; K. Morner, 1. c.; Inagaki, Biochem. Centralbl, 4, p. 515. 

''*K M5rner,Lc.: Langstein, 'Hofmeisterfs BdtrSge, 1. - . .U 
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is still undecided whether or not the carbohydrate was not a contamination. 
The fact that Abdeehalden, Bergell, and Dorpinghaus ^ were able to 
prepare a seralbumin entirely free from carbohydrate and which did not 
respond to Molisch^s very delicate reaction seems to be decisive on this 
point. The specific rotation of crystalline seralbumins from horse-serum 
was found by Michel to be (a:)D= —61-61 ‘S'" and by MaxixMowutsch on 
the contrary (a:)D== — 47.47° 

The crystalline and amorphous seralbumin in aqueous solution give 
the ordinary albumin reactions. The coagulation temperature of a 1 per 
cent solution poor in salts is about 50° C., but rises with the quantity of 
salt. The coagulation of the mixture of albumins from serum generally 
takes place at 70-85° C., but is essentially dependent upon the reaction and 
the amount of salt present. Up to the present time no seralbumin solution 
has been prepared free from mineral bodies. A solution as free from salts 
as possible does not coagulate either on boiling or on the addition of alco- 
hol. On the addition of a little common salt it coagulates in both cases.^ 

Seralbumin differs from the albumin of the. white of the hen's egg in 
the following particulars: It is more levogy rate; the precipitate formed by 
hydrochloric acid easily dissolves in an excess of the acid; it is rendered 
less insoluble by alcohol. 

In preparing the seralbumin mixture, first remove the globulins, accord- 
ing to Johansson, by saturating with magnesium sulphate at about 30° C. 
and filtering at the same temperature. The cooled filtrate is separated 
from the crystallized salt and is treated with acetic acid so that it contains 
about I per cent. The precipitate formed is filtered, pressed, dissolved 
in w’-ater with the addition of alkali to neutral reaction and the solution 
freed from salt by dialysis. The mixture of albumins may be obtained 
in a solid form from the dialyzed solution either by evaporating the solu- 
tion at a gentle temperature or by precipitating with alcohol, which must 
be quickly removed. Starke^ has suggested another method, which is 
also to be recommended. The crystalline seralbumin may be prepared 
from serum freed from globulin by half saturating with ammonium sul- 
phate, by the addition of more salt until a cloudiness occurs, and then 
proceeding according to the suggestion of Gurber and Michel. By 
acidification with acetic acid or sulphuric acid the ciystallization may 
be considerably enhanced.*^ In the detection and quantitative estimation 
of seralbumin the filtrate from the globulin precipitated with magnesium 
sulphate can be heated to boiling, after acidification with a little acetic acid 
if necessary. The quantity of seralbumin is best calculated as the difference 
between the total proteins and the globulin. 


^Zeitschr. f. pbysiol. Chem., 41. 

^ In regard to the relationship of neutral salts to heat coagulation, see J. Starke, 
Sitzungsber. d. Gesellseh. • f . Morph, u. Physiol, in Munchen, 1897. 

■^Johansson, Zeitschr. 1' physiol. ’ Chem,,, 0; K. Starke, Mal/s Jahresber., 11. 
*See Hopkins and Pinkus, Journ.'Of Physiol, 23;' Krieger, Uber die Darsteliung 
fcrystaliinscher tierischer Eiweissstoffe,.In;^ug.~Dissert. Strasaburg, 1899. 
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Summary of tlie elementary composition of the above-mentioned and described 
proteins' (from horse-biood)y 


Fibrinogen. . . ... . . . 

Fibrin.'. . , ............. 52.68 

Fibrin-giobulin. ........ 52.70 

Sergiobuiin. 52.71 

Seralbumin ■ . . 53.08 


c 

H 

N 

• S 

52.93 

6.90 

16.66 

1.25 

52.68 

6.83 

16.91 

1.10 

52.70 

6.98 

16.06 


52.71 

7.01 

15.85 

i!ii 

53.08 

7.10 

15.93 

1.90 


22.26 (Hammarsten) 
22.48 

f f 

23!32 

21.96 (Michel) 


Embden and Knoop as well as Langstein have detected in blood-serum 
proteose-like substances which, according to them, occur preformed in the blood. 
Nolp has also found a small quantity of proteoses in the blood after an abundant 
absorption of proteoses by the intestine. According to Abderhalden and Oppen- 
HEiMEii ^ the proteoses cannot be considered as normal blood constituents; even 
if we admit of their presence, the quantity is too small to be of any physiological 
importance. • 

V. Bergmann and Langstein ^ have determined in dogs the residual nitrogen 
in the blood-serum, i.e., the nitrogen of the hon-coagulable constituents. They 
found after feeding proteids that of the residual nitrogen 25 per cent existed 
as proteoses and 55 per cbnt as other products precipitable with phosphotung- 
stic acid. In starving animals they found a maximum of 9 per cent of the 
residual nitrogen as proteoses. 

The Blood-semm. 

As above stated, the blood-serum is the clear liquid which is pressed out 
by the contraction of the blood-clot. It differs chiefly from the plasma in 
the absence of fibrinogen and in containing an abundance of fibrin ferment. 
Considered qualitatively, the blood-serum contains the same chief constitu- 
ents as the blood-plasma. 

Blood-serum is a sticky liquid which is more alkaline towards litmus 
than the plasma. The specific gravity in man is 1.027 to 1.032, average 
1.028. The color is often strongly or faintly yellow; in human blood- 
serum it is pale yellow with a shade towards green, and in horses it is often 
amber-yellow. The serum is ordinarily clear; after a meal it may be 
opalescent, cloudy, or milky w^hite, according to the amount of fat contained 
in the food. 

Besides the above-mentioned bodies, the following constituents are 
found in the blood-plasma or blood-serum: 

Fat occurs from 1-7 p. m. in fasting animals. After partaking of food 
the amount is increased to a great extent. Soaps ^ cholesterin, and lecithin 
are also found. Cholesterin occurs, according to Hurthle,^ at least in 
part, as fatty-acid esters (serolin according to Boudet). 


^ Embden and Knoop, Hofmeister^s Beitr%e,: 3; Langstein, ibid,:, Nolf, Bull. 
Acad. Roy. Beig., 1903 and 1904; Abderhalden and Oppenheimer, Zeitschr. f. physiol 

2 V. Bergmann and Langstein, Hofmeister^s Beitrage, 0. 

^Zeitseiir. f. physiol. Chem,, 21, where Boudet is also cited. In regard to the 
quantity of these esters in bird-serum, see Brown,: Amer. Jourh. of Physiol, 2. ri , ; ^ 
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: Sugar, seems to be a physiological constituent of the plasma, and serum. 
.According to the investigations., of Abeles, Ewald, . Kulz,,. v. .MekinGj, 
Pavy,. Seegen, and Miura'i the sugar found is dextrose. ' Strauss ^ has 
also detected lewlose in blood-serum and in transudates and exudates. 
The question as to the occurrence of other varieties of sugar^, such; as iso- 
maltose- (PAVY'-and Siau) and pentose (Lupine and Boulud®)^ in biood- 
semm is still undecided. Asher and ■ Rosenpeld ^ have shown that at 
least a considerable part of the sugar can be removed from the blood by 
dialysis, hence it must exist” in solution in the free' state. These observa- 
tions do not exclude the possibility of the existence of a part of the sugar 
in a combined form, as above stated (p. 180). Besides sugar the blood- 
serum contains, as first show-n by J. Otto, also another reducing noii- 
fermentable substance. The statements of Jacobsen, Henriques, and 
Bing,® that this substance is jecorin or lecithin sugar, do not have sufficient 
foundation. The nature of another carbohydrate in the blood, wliich is 
neither dextrorotatory nor reducing and which has been called sugar 

by its discoverers, LiiPiNE and Boulub ® is also undetermined. The virtual 
sugar is more abundant in the blood of the right ventricle than in the arterial 
blood, and this in turn is richer than venous blood. In the passage of the 
blood through the lungs the virtual sugar is converted into ordinary sugar; 
tliis may also occur in the capillaries of the greater circulatory system. 

Conjugated glucuronic acids, which probably originate from the form- 
elements^ have been shovm to occur in blood by the researches of P. Mayer, 
L:£pine and Boulud.^ The last two investigators find two definite glucu- 
ronic acids in the blood, both of which are levorotatory. One reduces 
Feeling's solution even at a temperature below 100°, while the other 
reduces it at above 100°, Such large amounts of the first acid often occur 
in the blood of dogs that the optical activity of the glucuronic acid coun- 
teracts that of the glucose. The second acid also occurs in larger quantities 
as compared with the sugar. 

Bernard ® has showm that the quantity of sugar in the blood diminishes 


^ See V. Mering, Arch. f. (Aiiat. u.) Physiol,, 1877 (this article contains numer- 
ous references); Seegen, Pfliiger^s Ai’ch^, 40; Miura, Zeitschr. f. Biologic, 

Fortschritte d. Mediz., 1902. 

^ Pavy and Siau, Journ. of Physiol., 26; Lepine et Boulud, Compt. rend., ISo, 
and loS. 

'^Centraibl. f. Physiol., 19, p. 449. 

^Otto, Pfliiger’s Arch., 35 (a good review of the older literature on sugar in the 
blood); Jacobsen, CentralbL f. Physiol, 6, 368; Henriques, Zeitschr. f. physiol. (Tiem., 
23; Bing, vSkand. Arch, f. Physiol, 9. 

® Compt. rend., 137. 

^ Mayer, Zeitschr. f. physiol .Chem., 32; Lepine and Boulud, Compt, rend., 133, 
135, 136, 138, 141 , and Journ. de Physiol,' ..J '(cited from Biochem. CentralbL, 4, p. 42 1 ). 

® Lef;ons sur lo diabcHe, Paris, 1877. 
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more or less rapidly on. leaving the veins. L]e;pine, associated vdtli' Barral^ 
has specially 'studied this , decrease in the quantity of sugar and calls it 
glycolysis. LJjpine and Barral, as .well as Arthus, have shovm that this 
glycolysis takes place in the complete absence of ' micro-organisms. It 
seems to be due to a soluble glycolytic enzyme whose activity is destroyed 
by heating to 54® C. This enzyme is derived; according to the above 
investigators, ' from the leucocytes and, according to LispiNE,^- has some 
connection with the pancreas. The glycolysis is, according to Nasse, 
.Rohmann and .Spitzer and- Sieber^ an oxidation which is produced, 
according to the two last-mentioned investigators, by an oxidation ferment. 
It is certainly not connected with the survival of the cells, but whether it 
is a vital or a post-mortem process is not decided.^ 

The blood-plasma and the serum, as well as the lymph, also contain 
enzymes of various kinds. According to Rohmann, Bial, Hamburger,^ 
and others, diastases^ which convert starch and glycogen into maltose or 
isomaltose, as well as a maltoglucase are found in the blood. Hanriot 
has detected a lipase in the serum which decomposes butyrin, and which, 
according to him, decomposes neutral fats and other esters. The occur- 
rence of a butyrinase is generally admitted, while the property of this lipase 
of splitting olein and other neutral fats is not generally acknow^ledged 
(Arthus, Doyon and Morel ^). This lipolytic prope^t3^ exists to 
the extent that Hanriot ascribes to it, must not be confounded with the 
transformation of fat into unknown substances soluble in water, a phenom- 
enon first observed by Cohnstein and Mighaelis and further studied by 
Weigert.® This property seems to be connected with the form-elements 
of the blood. 

Besides the above-mentioned enzymes and. thrombin, several other 
enzymes have been found in the blood-serum, namely, oxidases, catalases, 

' In regard to the numerous memoirs of Lepine and Lupine et Barral, see Lyon 
medical., 62 and 63; Compt. rendus, 110, 112, 113, 120, and 139; Lepine, Le ferment 
glycolytique et la pathogenic du diabete (Paris, 1891), and Bevue anaiytique et 
critique des travaux, etc., in Arch, de mM. exp^r. (Paris, 1892); Bevue de medecine, 
1895; Arthus, Arch, de Physiol. (5), 3, 4; Nasse and Framm, PfliigeFs Arch., 63; 
Paderi, Malyhs Jahresber., 26; see also Cremer, Physiologic des Glykogens in Ergebnisse 
d. Physiol., 1, Abt. 1. ' 

2 See Chapter I and N. Sieber, Zeitschr. f. physiol Chem., 39 and 44. 

See Arthus, 1. c.; Colenbrander, Maly's Jahresber., 22; Bywosch, Centralbl f. 
Physiol., 11, 495. 

Bohmann; Rohmann and Hamburger, Ber. d. deutsch. chem. Gesellscli., 25 and 
27 ; Pfluger's Arch., 52 and 60; Bial, U^ber das dikst. Ferm., etc., Inaug.-Diss. Breslau, 
1892 (older literature). See also Pfidger's Arch., 52, 54, and 55. 

® Hanriot, Compt. rend. soc. bioL, 48 and 54; Compt. rend., 123 and 132; Arthus, 
Journ. de Physiol, et de Pathol., 4; Doyon and Morel, Compt, rend. soc. bioL, 54; 
Achard and Clerc (Lipase in Disease^ Compt. rend., 129, and Arch. d. med. exp6r., 14. 

® Cohnstein and Michaelis, Pfliiger's. Arch., 65 and 69; Weigert, 82. . ; 
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proteolytic ' enzymes, rennin, and trypsin, and also the corresponding anti- 
enzymes. We'' cannot enter into the. discussion of these, nor of the many 
not chemically characterized bodies which have been called toxines and 
antitoxines , iimnune bodies, alexines, hcemolysines, cytoioxines, etc. It is also 
not within the scope of this book to discuss the precipitines which can be 
used as a biological reagent on account of their action upon various pro- 
teins. It may be sufficient to state that the works of Bordet, Ehrlich, 
Wassermann, Schutze, Uhlenhaut,! and others have shown that the 
repeated injection into an animal of a foreign protein body or of blood of a 
different species of animal so changes the blood of this animal that it acquires 
precipitating properties towards the injected protein or blood. In this 
manner we obtam a biological reagent for various proteins and for blood of 
different animals. This last behavior has become of great forensic impor- 
tance, due to the work of Uhlenhaut. The various enzymes and anti- 
enzymes, toxines and antitoxines, precipitines, etc., are as a rule precipitated 
with the globulin, but differ among each other in that some are carried 
down by the euglobulin, while the others are carried down by the pseudo- 
globulin fraction. 

Among the bodies which are found in the blood, and without doubt are 
met with in smaller or greater amounts in the plasma, are to be mentioned 
urea, uric acid (found in human blood by Abeles), phosphocarnic acid (Pa- 
NELLA^), creatine, carbamic acid, paralactic acid, hippuric acid, and traces of 
indol (Hervieux^). Under pathological conditions the following bodies 
have been found: xanthine bodies, leucine, tyrosine, lysine (Neuberg and 
md biliary constituents. 

The coloring-matters of the blood-serum are very little known. In 
equine blood-serum the biliary coloring-matter, bilirubin, besides other color- 
ing-matters, often occurs. The yellow coloring-matter of the semm seems 
to belong to the group of luteins, which are often called lipochrornes or fat- 
coloring matters. From ox-serum Krukenberg ^ was able to isolate with 
amyl alcohol a so-called lipochrome whose solution shows two absorption- 
bands, of which one encloses the line F and the other lies between F and (?. 

The mineral bodies in serum and plasma are qualitatively, but not 
quantitatively, the same. A part of the calcium, magnesium, and phos- 
phoric acid is removed on the coagulation of the fibrin. By means of 
dialysis, the presence of sodium chloride, which forms the chief mass or 


^ The literature on this subject may be found in bacteriological journals and works. 
See also L. Micbaelis, Biochem* Centralbl., S, p. 693. 

^ Abeles, Wien. med. Jahrb., 1887 ; Panelia cited from Yirchow^s Jahresber. f. 1902, 

^ Compt. rend, soc. biolog., 56. 

* Deutsch. med. Wochenschr,, 1904. . , 

® Sitzungsber. d. Jen, Geseilsch. f. Med., 1885. 
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60-70 per cent of the total mineral bodies, lime-salts, sodium carbonate, 
and traces of sulphuric and phosphoric acids and of potassium, may be 
directly shown in the semm.^ Traces of silicic acid, fluorine, copper, iron, 
manganese, and ammonia are claimed to have been found in the serum. 
As in most animal fluids, the chlorine and sodium are in the blood-serum in 
excess of the phosphoric acid and potassium (the occurrence of which in 
the semm is even doubted). The acids present in the ash are not sufficient 
to saturate the bases found, a condition which shows that a part of the 
bases is combined with organic substances, perhaps proteins. This coin- 
cides also with the fact that the great part of the alkalies does not exist 
in the serum as diffusible alkali compounds, carbonate and phosphate, but 
as non-diffusible compounds, protein combinations. According to Ham- 
burger ^ 37 per cent of the alkali of the semm from horse-blood was dif- 
fusible and 63 per cent non-diffusible. 

Iodine, which seems to be habitually found, is also considered as a 
mineral constituent of the plasma or semm (Gley and Bourcet), while 
arsenic, which is not found in all blood occurs only in human blood 
(Gautier, Bourcet 3). Iodine occurs to a greater extent in menstmal 
blood than in other blood and does not exist as a salt, but as an organic 
compound (Bourcet). 

The gases of the blood-semm, which consist chiefly of carbon dioxide 
with only a little nitrogen and oxygen, will be described wffien treating of 
the gases of the blood. 

Because of the difficulty of obtaining plasma only a few analyses have 
been made. As an example the results of the analyses of the blood-plasma 
of the horse will be given below. The analysis No 1 was made by Hoppe- 


Seyler.^ No. 2 is the average of the results of three analyses made by 
Hammarsten. The figures are given for 1000 parts of the plasma. 

■ ■ ■ ■ No. 1. . ' ' No. '2. 

Water 908.4 917.6 

Solids 91.6 82.4 

Total proteins 77.6 69.5 

Fibrin.- 10.1 6.5 

Globulin 38.4 

Seralbumin 24.6 

Extractive substances 4r.o! 

Insoluble salts 1.7 J "" 

Lewtnsky ^ has determined the total proteins and the individual pro- 
teins in the blood-plasma of man and animals with the following results. 


* See Gurber, Verhandi. d. phys.-med. Gesellsch. zu Wurzburg, 23. 

2 Xn regard to method, see Arch. f. (Anat. u.) Physiol., 1898. 

® Gley et Bourcet, Compt. rend., 130; Bourcet, ibid^^ 131; Gautier, ibid., 13L 

* Cit. from v. Gorup-Besanez's Lehrbuch der physioL Chem., 4. Aufi., 346. 
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Total Protein. Albumin. Globulin. Fibrinogen. 

Man... 72.6 40.1 28.3 4.2 

Dog........ ....... 60.3 31.7 22.6 6.0 

Sheep. 72.9 38.3 30.0 4.6 

Horse.... ..80.4 28.0 47.9 4.5 

Pig. 80.5 44.2 29.8 6.5 


: ' Abdeehalben has made complete analyses of the blood-serum of several 
domestic animals. From these, analyses as well as from those made by 
Hammaesten of the. serum, from, human, horse,' and ox„bIoocl it follows that 
hhe' amount of solids ordinarily varies between 70-97 p. m. The chief, mass 
of the solids consists , of proteins, ' about 55-84 p.,m. . , In hens HAMM,AR- 
STEN found' much lower values, namely, 54 p. m.'solids, with; only 39.5 p. in. 
.protein, and Halliburton, foimd only 25.4 p. m. protein in frog’s ,blood. 
The : relationship, between ' globulin and seralbumin is, as show by. the 
analyses of Hammaesten, Halliburton, and Rubbeecht,-^' very different 
,for .various animals, but may also vary considerably in. the same species of 
animal. In human; blood-serum' Hamiviabsten ' found more seralbumin 
than globulin, and the relationship of serglobulin to seralbumin was asl: 1.5. 
Lewinsky found the relationship in man greater'than ,1, indeed 1 : 1.39-2.13. 
In regard to the quantity of the remaining organic constituents of the serum, 
we refer the reader to Abberhalben’s, complete analyses. 

■ " In .starvation it. , seems, as first found by^ Burckharbt and recently sub- 
stantiated by Githens,^ that the quantity of globulin relative to that of 
albumin is increased. A change in the relationship with a decrease in the 
albumin and increase in the globulin may also occur in animals which have 
been made sick or in part immune by inoculation with pathogenic micro- 
organisms (Langstein and Maybe The total protein content is raised 
in nearly all cases. The amount of fibrinogen in the plasma is espe- 
cially increased by pneumococci, streptococci, and pus-staphylocoeei 
(P. Muller^). 

The quantity of mineral bodies in the serum has been determined by 
many investigators. The conclusion drawn from the analyses is that there 
exists a rather close correspondence between human and animal blood- 
serum, and it is therefore sufficient to give here the analysis of C. Schmidt ^ 
of (1) human blood, and Bunge and Abdebhalden’s analyses (2) of serum 
of ox, bull, sheep, goat,, pig, rabbit, dog, and cat. The results correspond 
to 1000 parts by weight of the serum. 


^ Abderhalden, Zeitsclir. f.' physiol. Chem.,'25; Hammarsten, Pfluger’s Arch., 17; 
Halliburton, Journ. of Physiol.,/7; Bubbrocht, Travaux du kboratoire de ifiiistitut 
de physiologie de Liege, 5, 189G. 

, 2 Bureldiardt, Arch. f. exp. Path.,u., Pharm., lO; Gitiiens, Hofmeister^s Beitrage, 5. 
® Hofineister’s Beitrage, 5 . : , ' ' v'- - 

II, . ,■ .. „ . 

, ® Cit. from Hoppe-Seyler, Physiol., Gh6m., .h881, p, 439. ' ' ' , , • 



MINERAL CONSTITUENTS OF THE SERUM. 


189 


K2O.V..... 

NasO 

Cl.... ...... 

CaO 

MgO 

P2O.5 (inorg.). 



0.387-0.401 
4.290-4.290 
3.565-3.659 
0.155-0.155 
0.101 


0.226-0.270 

4.251-4.442 

3.627-4.170 

0.119-0.131 

0.040-0.046 

0.052-0.085 


Even if we bear in mind that certain bodies, such as carbon dioxide, 
are driven off during incineration and that other bodies, such as suiphuric 
acid and phosphoric acid, are formed from sulphurized and phosphorized 
organic substances, still quantitative analyses like the above are not 
sufficient for the scientific demands of to-day. They do not show the 
true composition and especially do not give an explanation of the 
number of different ions present in the serum or in other fluids, a question 
which is of the greatest physiological importance. An answer to these 
questions is obtainable only by physico-chemical investigations, which have 
thus far been used chiefly in determining the molecular concentration, the 
amount of electrolytes and non-electrolytes, and the degree of dissociation. 


The molecular, or, as Hamburger calls it, the osmotic concentration which gives 
the total number of molecules and ions in the litre, is measured by the osmotic 

J 

pressure, and it may be expressed by if we make use of the depression of the 

freezing-point (J ) instead of the osmotic pressure, as a ^am-molecule of a non- 
electrolyte, or an equivalent number of ions, when in 1 litre of solution, causes a 
depression of the freezing-point of 1.85®. 


The average depression of the freezing-point of human blood-serum is 
ordinarily given as 4 = — 0.526° According to Th. Cohn^ the actual 
depression of the freezing-point of normal human blood is 4 =—0.537° 
This freezing-point depression, it seems, is a little low^er than that of the 
sera of other mammals that have been investigated: —0.560° (horse) to 
0.619° (sheep). The molecular concentration of the blood-serum of various 
mammals also differs only slightly in each case, according to Bugarsky and 
Tangl 2 and amounts on an average to about 0.320 mol per litre. The 
average freezing-point depression corresponds closely to that of a common 
salt solution of 9 p. m. (i=— 0.551° to —0.561°), and at present such a 
solution is considered as a physiological salt solution for man and other 
vinainmals.,'' ■ 

The conditions are otherwise with sea-animals w^hich live in a medium 
rich in salts. According to Bottazzi the blood (or the fluid of the cavities) 
of invertebrate sea-animals has an osmotic pressure wdiich corresponds to 
an average freezing-point depression of ii= — 2.29°, i.e., exactly the same 

0'.:;; . :Ureiizgeb^i;:d.;; Mediz 

^ In regard to the literature on this subject we refer to Hamburger, Osmotischer 
Druck und lonenlehre, from which, the. author obtained most of the facts given. See 
also Hober, Physikalische Chemie der Zelle und der Gewebe, 2. Aufl., 1906. 
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as the sea-wat^^ which they live. Tn the cartilaginous fishes nearly the 
same conditions exist, while in the Teleostei the osmotic pressure is much 
lovrer than that of the sea-w^ater, but is about one half greater than the 
blood of land-vertebrates. The Teleostei are the first in the scale of de- 
velopment of animals to show an independence of the osmotic pressure of 
the inner fluids from the surrounding media. 

The researches of Fredericq^ have led to the same results. In the 
sea-invertebrates examined the blood (the hismolymph) had the same 
molecular concentration and same salt content as the exterior medium. 
In plagiostoma the blood had, with equal molecular concentration, a con- 
siderably lower salt content than the sea-water. The equality of the 
molecular concentration was maintained in these cases by a high urea 
content. In all bony fishes of salt and fresh waters and in fresh-water 
crabs the blood differs markedly in regard to molecular concentration, as 
well as in salt content, from the exterior medium. 

There are recorded a great number of investigations on the changes in 
the osmotic pressure or the molecular concentration of the blood-serum 
under various physiological conditions as well as in disease, but still it is no 
doubt too early to draw any definite conclusions from these observations. 

As seen from the above, blood-serum contains electrolytes as well as 
non-electrolytes. Of the latter the proteins and also sugar, fat, lecithin, 
urea, and the so-called extractive bodies are of the greatest importance. 
The electrolytes comprise the various ions and the undissociated molecules 
of the salts of the serum. The electrolytes are the only constituents of 
the serum which conduct the electric current, while the non-electrolytes 
retard the conductivity. The degree of dissociation can also. 1:)e calculated 
from the determination of the conductivity of the blood-serum. 

The coefficient of dissociation is, according to Arrhenius, the relationship 
between the number of ions in a solution and the number of ions which would 
be present if the electrolytes were completely dissociated. As the conductivity 
of a solution of electrolytes is determined by the number of ions (admitting that 
the migration velocity of the ions is the same for different dilutions), the above 

h 

coefficient a can be calculated by the formula «=== 3 — . In this formula repre- 

sents the conductivity of the original dilution (i.e., of the undiluted serum) and 
i^po the conductivity of the completely dissociated molecules (ions) after suffi- 
ciently strong dilution of the serum with water. 

According to the above principle the degree of dissociation of serum has 
been determined by several investigators, especially Bugabsky and Tangl, 
Okeb-Blom, and Vioea. ^ This last '.investigator found that the degree of 
dissociation of the blood-serum of healthy human beings wuis equal to 
0.68-0,73. According to HambxjbgeB' the Tesults thus obtained experi- 
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mentally must be a little too low for certain reasons^. and, we therefore can 
consider the dissociation coefficient to be between 0.65 and 0.82. 

As above slated, the non-electrolytes have a retarding action upon the con- 
ductivity, and according to Bugaksky and Tangl each gram of protein in 100 
c.c. of serum diminishes the electrical conductivity of the serum about 2.5 per 
cent. By making use of this fact, the corrected conductivity of the electrolytes 
present can be determined from the conductivity. The corrected conduct! vit}^ 
is partly dependent upon the chlorides and partly upon the other salts (which are 
nearly identical with the quantity of NaoCOg). If the amount of NaCl of the 
serum is determined by analysis we can calculate the conductivity of the other salts 
by subtracting the calculated conductivity of a solution of NaCl of similar con- 
centration (which can be done according to Kohlrausch^s method) from the total 
corrected conductivity. From these results we can calculate *the molecular 
concentration of the chlorides and of the non-chlorides. The sum of these two 
is subtracted from the molecular concentration of the serum, when the molecular 
concentration of the non- electrolytes is obtained. 

Bugarsky and Tangl have made physico-chemical analyses of blood- 
serum of certain mammals according to the principle given above. They 
found that the molecular concentration was, on an average, about 0.320 
moi per litre, that about three fourths of the total dissolved molecules 
of blood-serum were electrolytes, although the serum contained about 
70-80 p. m. proteid and 10 p. m. inorganic bodies, and also that three 
fourths of the quantity of electrolytes consisted of NaCl. Viola and BoOs- 
QUET have recorded less complete osmotic chemical analyses of blood-serum 
of diseased and healthy human beings, making use of methods somewhat 
different in principle. 

In the determination of the alkalinity of blood and blood-serum, up to 
the present time we have estimated the amount of alkali by titration with 
.an acid. We cannot dispense with such determinations, although they do 
not yield any information as to the true alkalinit}’', apart, from the fact that 
the results are dependent upon the indicator used, because \ve understand 
as true alkalinity the concentration of the hydroxyl ions. The Na 2 C 03 
is in aqueous solution more or less dissociated into 2Na‘^ and COs*^, depend- 
ing upon the dilution. The COs^^'ions combine partly with the H"^ ions 
of the dissociated water, forming HCOs"”, and the corresponding HO* ions 
produce the alkaline reaction. If now, by the addition of a little acid, a 
few' of the HO* ions are removed, then the equilibrium is disturbed, a new- 
quantity of Na 2 C 03 is dissociated, and this process is repeated every time 
a new quantity of acid is added until all the carbonate is dissociated. The 
dissociation of the carbonate existing in the original concentration, upon 
which the number of HO* ions is dependent, cannot therefore be determined 
by titration. For these reasons Hober has worked out a physico-chemical 
method of determining alkalinity, based upon Nernst^s theory of liquid 
chains. This method was used later by Farkas, Franckel, and Hober 
after a few changes. The investigations, of these last-mentioned experi- 
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meiiters show .that the concentration of the hydroxyl ions in blood-serum 
and .blood is. nearly the same as in distilled water, and that these fluids are 
nearly neutral in behavior, which fact is caused by the presence of carbonic 
acid. Friede.nthal/ by testing serum -with phenolphthalein, arrived at 
similar results. 

n* THE FORM-ELEMEHTS OF THE BLOOD. 

The Bed Blood-Corpuscles. 

The blood-corpuscles are round, biconcave disks without membrane and 
nucleus in man and mammalia (with the exception, of the llama, the camel, 
and their congeners). In the latter animals, as also in birds, amphibia, and 
fishes (with the exception of the Cyciostoma), the corpuscles have in general 
a nucleus, are biconvex and more or less elliptical. The size varies in 
different animals. In man they have an average diameter of 7 to 8 /£ 
(/;i=0.001 mm.) and a maximum thickness of 1.9 /«. They are heavier 
than the blood-plasma or serum, and therefore sink in these liquids. In 
the discharged blood they may lie sometimes with their flat surfaces to- 
gether, forming a cylinder like a roll of coin (rouleaux). The reason for 
this phenomenon, which is considered as an agglutination, has not been 
sufficiently studied, but as it may be observed in defibrinated blood it seems 
probable that the formation of fibrin has nothing to do with it. 

The number of red blood-corpuscles is different in the blood of various 
animals. In the blood of man there are generally 5 million red corpuscles 
in 1 c.mm., and in woman 4 to 4.5 million. 

The blood-corpuscles consist essentially of two chief constituents, the 
stroma, which forms the real protoplasm, and the intraglobular contents, 
whose chief constituent is hsemoglobin. We cannot state anything posi- 
tive for the present in regard to a more detailed arrangement, and the views 
on this subject are somewhat divergent. The two following views are 
more or less related to each other. According to one view the blood- 
corpuscles consist of a membrane which encloses a hiemoglobin solution, 
while the other view considers the stroma as a protoplasmic structure 
soaked with haemoglobin. This latter view is in accord with the assump- 
tion as to an outside boundary-layer. 

Thus according to Hambukoee the stroma forms a protoplasmic net 
in whose meshes there exists a red fluid or semi-fluid mass which consists 
in great measure of hgemoglobim This mass represents the water-attract- 
ing force of the blood-corpuscles, and besides this it is also considered that 
the outer protoplasmic boundary is semi-permeable, i.e., permeable to 
water but not permeable to certain crystalloids. The researches of Koppe, 

^Hdber, Mogert Arch., SI and' 00; Farkas, see Biochem. CentralM,, 1, 626; 
Franekel, Pdiiger's Arch., 06; Friedenth^, Zteitschr. 1 allg. Physiol, 1 and 4. 
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Albrecht, PASCIJCCI/,RYW0SCH,^ and. others indicate the presence of a 
special envelope or boundary-layer, and there is no doubt that the outer 
layer contains so-called lipoids, such as cholesterin, lecithin, and similar 
bodies. ■' 

The red blood-corpuscles retain their volume in a salt solution which 
has the same osmotic pressure as the serum of the same blood, although 
they may change their form in such solutions, becoming more spherical, 
and may also undergo a chemical change (Hamburger, Hedin, and others). 
Such a salt solution is isotonic^ with the blood-serum, and its concentra- 
tion for a NaCl solution is approximately 9 p. m. for human and mam- 
malian blood. A solution of greater concentration, a hyperisotonic solu- 
tion, abstracts water from the blood-corpuscles until osmotic equilibrium 
is established, hence the corpuscles shrink and their volume becomes 
smaller. In solutions of less concentration, hypisotonic solutions, the cor- 
puscles swell up, due to the taking up of water, and this swelling may be 
so great, as on diluting the blood with water, that the hsemoglobin is sepa- 
rated from the stroma and passes into the watery solution. This process 
is called koemolysis. 

A hsemolysis may also be brought about by alternately freezing and 
thawing the blood, as well as by the action of various chemical substances, 
which act as protoplasmic- poisons. These bodies are ether, chloroform, 
alkalies, bile-acids, solanin, saponin, and also the saponin substances, which 
have a very strong haemolytic action. Of special interest. in this regard 
®are the haemolysines, which act like toxines. These haemolysines may be 
metabolic products of bacteria and may be formed by higher plants and 
by animals, such as snakes, toads, bees, spiders, and others. Finally, 
the haemolysines or globulicidal bodies, occurring normally in blood-sera 
or produced in the immunization of the blood, also belong here. 

It seems that haemolysis is brought about in various cases in different ways. 
In the haemolysis by means of water we are probably dealing with a destruction 
or rupture of the boundary-layer, while such bodies as ether, chloroform, alkalies, 
bile-acids, and saponin substances, which dissolve lipoids or form combinations 
therewith, in this way cause the passage of the hsemoglobin to the outside 
(Koppe, Ransom and Robert, Peskind, Pascucci). The action of other 
hsemolysines, such as snake- venom and tetanotoxine, seems to be an action con- 
nected with the lecithin (Kyes, Pascucci ®), 


^ See Hamburger, Osmotischer Druck und lonenlehre, 1902; Koppe, PflugeFs 
Arch., 99 and 107; Albrecht, Ceatralbi. f. Physiol., 19; Pascucci, Hofmeister^s Beitrage, 
•6; Rywosch, Centralbi. f. Physiol., 19. 

^The work of Hamburger, Hedin, Eykman, Koppe, and others on isotonism, and 
the literature on this subject, may be found in Hamburger, Osmotischer Druck und 
lonenlehre, 1902. 

^ Koppe, 1. c.; Peskind, Amer. Journ, of Physiol., 12; Ransom and Robert, cited 
by Pascucci, Hofmeister^s Beitrage, 6; Kyes, Zeitschr. f. physiol. Chem,, 41, and BerL 
Min. Wochenschr., 1904. 
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the hemoglobin is separated from the so-called stroma by a suffi- 
ciently strong dilution with water the stroma is found in the solution in a 
swollen condition. By the action of carbon dioxide, by the careful addi- 
tion of acids, acid salts, tincture of iodine, or certain other bodies, this 
residue, rich in proteins, condenses, and in many cases the form of the 
blood-corpuscles may be again obtained. This residue,- the so-called 
ghosts or stromata of the blood-corpuscles, can also be directly colored 
in dilute blood by methyl violet and in this way detected (Koppe), and 
attempts have been made to isolate it for chemical investigation. In the 
following pages we mean by the name stroma only that residue that re- 
mains after the removal of haemoglobin and other bodies soluble in water. 

To isolate the stromata from the blood-corpuscles, they are washed first 
by diluting the blood with 10-20 vols. of a 1-2 per cent common salt 
solution and then separating the mixture by centrifugal force or by 
allowing it to stand at a low temperature. This is repeated a few times 
until tiie blood-corpuscles are freed from serum. These purified blood- 
corpuscles are, according to Wooldridge, mixed with 5-6 vols. of water, 
and then a little ether is added until complete solution is obtained. The 
leucocytes gradually settle to the bottom, a movement which may be 
accelerated by centrifugal force, and the liquid which separates therefrom 
is very carefully treated with a 1 per cent solution of KHSO4 until it is 
about as dense as the original blood. The separated stromata are collected 
on a filter and quickly washed. PASCuccid on the contrary, treats the 
mass of corpuscles “with 15-20 vols. of a i saturated ammonium-sulphate 
solution, allows the corpuscles to settle, siphons off the fluid, repeatedly, 
centrifuges, allows the residue to dry quickly (on porcelain plates) at the 
ordinary temperature, and then washes with water until the blood-pigments 
and the other soluble bodies are dissolved out. 

Wooldridge found as constituents of the stromata lecithin^ cholestemij. 
nudeoalhumin, and a which, according to Halliburton, is prob- 
ably a nucleoproteid which he calls No nuclein substances 

or seralbumin or proteoses could be detected by Halliburton and 
Friend. According to Pascucci, the stromata (from horse-blood) consists 
of I cholesterin and lecithin (besides a little cerebroside), and | protein 
substances and mineral bodies. The nucleated red blood-corpuscles of 
the bird contain, according to Pl6sz and Hoppe-Seyler,^ nmlein and a 
protein which swells to a slimy mass in a 10 per cent common salt solution, 
and which seems to be closely related to the hyaline substance {hya- 
line substance of Rovida, see page 141) occurring in the lymph-cells. In 
the mass extracted by alcohol from the blood-corpuscles of the hen, 


^ Hofmeister’s Beitrage, 6. 

2 . Wooldridge, Arch. f. (Anat u.) Physiol., 1881, 387; HalLbiirton and Friend, 
Journal of Physiol, 10; Halliburton, (IS; Pldsz, Hoppe-Seyler's Med. ciiern. 
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Ackeemann ^ found 3.93 per cent phosphorus and 17.2 per cent nitrogen, 
which on calculation gave 42.10 per cent nucleic acid and 57.82 per cent 
histone. The non-nucleated red blood-corpuscles are, as a rule, very poor 
in protein, but are rich in hsemoglobin; the nucleated corpuscles are richer 
in protein and poorer in hsemoglobin than the non-nucleated. 

A gelatinous, fibrin-like protein body may be obtained ‘from the red 
blood-corpuscles under certain circumstances. This fibrin-like mass has 
been observed on freezing and then thawing the sediment of the blood- 
corpuscles, or on discharging the spark from a large Leyden jar through 
the blood, or on dissolving the blood-corpuscles of one kind of animal in 
the serum of another (Landois, stro7na- fibrin) ; i.e., in the so-called hcem- 
agglutination, clumping of the red blood-corpuscles into clusters takes 
place. This agglutination can be brought about by bodies similar to the 
hiemolysines and also by serum constituents produced normally or b 3 =" 
immunization. It has not been shown that a fibrin formation from the 
stroma takes place. Fibrinogen has only been detected in the red cot- 
puscles of frogs^ blood (AleX; Schmidt and Semmer 2). 

Closely related to the anatomical and chemical structure of the erythro- 
cytes is the question which is important, for the metabolism in the blood, 
as to the permeability of the erythrocytes, that is, their power of taking 
up substances of different kinds. On this subject we have the researches 
of Gruns, Eykman, Overton, Koppe, and especjally those of Ham- 
burger and his collaborators, and of Hedin,^ As a result of these 
researches, it has been shown that the blood-corpuscles are completely 
impermeable for the ordinary varieties of sugar, for arabite and mannite, 
and, as it appears, also for the cations Ca"^*^, Ba'^+ Mg'^'^. On the 

other hand, they are permeable for NH 4 + ions, as also for acids and alkalies.^ 
They are also permeable for alcohols (more readily the fewer hydroxyl 
groups the molecule contains), aldeh 3 ^des (with the exception of paralde- 
hyde), ketones, ethers, esters, urea, bile salts, and other compounds. They 
are only slightly permeable for amino-acids. Towards the neutral potas- 
sium and sodium salts, according to Koppe and Hamburger, the blood- 
corpuscles are impermeable for the cations K+ and Na"^, and permeable, 
on the contrary, for the anions when an exchange of an anion, for example 
CDs'", in the blood-corpuscles is possible with an anion in the outer fluid, 
for example with Cl“, Br~, NOs”, etc. Hober^ has further shown that 
the blood-corpuscles are permeable for anions under the influence of 


^ Zeitschr. f. physiol, Chem., 48. 

^Landois, Centralbl. f. d. med. Wissensch., 1874, 421; Schmidt, Pflliger's Arch., 
11, 550-559. 

® In regard to the literature, see Hamburger, Osmotischer Druck- und lonenlehre. 
* See Hober, Pfiiiger^s Arch., 101 and 102. 

^Pfliiger^s Arch., 102 ’ > y ‘ 
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carbon dioxide.' Such, an exchange of ions can be especially observed, 
accoi’diiig to Hamburger^ in the erythrocytes suspended in NaCl solution 
and treated with CO2, when the outer fluid becomes alkaline, due to the 
formation of Na2C03 by the migration of Cl” ions into the corpuscles and 
an outward' migration of the COs^ ions. For every one bivalent COs"" 
ion there must migrate inward two univalent Cl” ions; but as every ion 
irrespective of whether it' is uni- or bivalent has the same osmotic pressure, 
therefore the osmotic pressure of the blood-corpuscles must be raised, and 
hence a swelling up takes place, due to their taking up water. The question 
as to how far these observations can be applied to the blood-corpuscles 
in their serum, i.e., to the blood, requires further proofs,^ 

The mineral bodies of the red corpuscles will be treated in connection 
with their quantitative constitution. 

The constituent of the blood-corpuscles existing in greatest quantity is 
the red pigment hsemoglobin. 

Blood-pigments. 

According to Hoppe-Seyler the coloring-matter of the red blood- 
corpuscles is not in a free state, but combined wdth some other substance. 
The crystalline coloring-matter, the haemoglobin or oxyh^emoglobin, which 
may be isolated from the blood, is considered, according to Hoppe-SeyIjER, 
as a cleavage product of this compound, and it acts in many ways un- 
like the questionable compound itself. This compound is insoluble in 
water and uncrystallizable. It strongly decomposes hydrogen peroxide 
vithout being oxidized itself; it show^s a greater resistance to certain 
chemical reagents (as potassium ferricyanide) than the fine coloring- 
matter; and, lastly, it gives off its loosely combined oxygen much more easily 
in vacuum than the free pigment. To distinguish between the cleavage 
products, the hsemoglobin and the oxyhsemoglobin, Hoppe-Seyler calls 
the compound of the blood-coloring matter of the venous blood-corpuscles 
phlehin, and that of the arterial arterin. Other investigators, such as 
H. U. Kobert and Bohr,^ the latter callmg the pigment of the blood- 
corpuscles hcemochrom, are of a similar opinion. Smee the above-mentioned 
combinations of the blood-coloring matters with other bodies, for example 
(if they really do exist) with lecithin, have not been closely studied, the 
following statements will apply only to the free pigment, the haemoglobin. 

The color of the blood depends in part on hcemoglobin and in jiart on a 
molecular combination of this substance with oxygen, the oxt/hcemoglobm. 

^ ® Hoppe-Seyler, Zeitsclir. f. ’physiol. Chemi.',TS, 479; H. U. Kobert, Das Wirbeltier- 
blut in mikro-kristallogr. Hinsicht, Stuttgart, 1901; Bohr, Centraibl f. PhysioL, 17, 
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We find ill blood after asphyxiation almost exclusively haemoglobin^ in 
arterial blood disproportionately large amounts of oxy haemoglobin^ and in 
venous blood a mixture of both. Blood-coloring matters are found also in 
striated as well as in ceitain smooth muscles, and lastly in solution in 
different invertebrates. The quantity of haemoglobin in human blood may 
indeed be somewhat variable under different circumstances, but amounts 
to about 14 per cent on an average, or 8.5 grams for each kilo of the 
weight of the body. 

Hannoglobin belongs to the group of compound proteids and yields as 
cleavage products, besides very small amounts of volatile fatty acids and 
other bodies, chiefly a protein gldbin and a coloring-matter, hmmockromogen 
(about 4 per cent), containing iron, wliich in the presence of oxygen is 
easily oxidized into hcernatin. 

As first shovm by Sghunck and Marghlewski, and especially by the 
work of the latter, a close relationship exists between chlorophyll and the 
blood-pigment, because a derivative of the first, phylloporphyrin, stands 
very close in certain regards to a derivative of the blood-pigment haema- 
toporphyrin. By the investigations of Nencki in conjunction with Maech- 
LEWSKi and Zaleski,^ it w?‘as shown that ha)mopyrol could be prepared 
from the derivatives of both the leaf-pigment and the blood-pigments by 
reduction. The fact that chlorophyll and blood-pigments are closely 
related and are constructed from the same mother-substance is of the 
greatest biological importance. 

The haemoglobin prepared from different kinds of blood has not exactly 
the same composition, which seems to indicate the presence of different 
hemoglobins. The analyses by different investigators of the hemoglobin 
from the same kind of blood do not always agree vdth one another, which 
probably depends upon the somewhat varymg methods of preparation. 
The following analyses are given as examples of the constitution of different 


hemoglobins: 


Hsemoglobin from the C 

Dog o3.S5 

■ 54 . 57 ' 

51.15 

Ox 54.66 

Pig 54.17 

Guinea-pig 54.12 

Squirrel 54.09 

Goose 54.26 


o 

21.84 

20.93 

19.73 

23.43 

19.543 

21.360 

19.602 

20.680 

21.440 

20.690 

22.500 


(Hoppe-Seylee) 

(Jaquet) 

(Kossel) 

(Zinoffsky) 

(Hufner) 

(Otto) 

(Hufner) 

(Hoppe-Sbyleb) 


(Jaquet) 


^ Schunck and Marchlewski, AnnaL d. Ghem. u. Pharm., 278, '284, 288, 290; Nencki, 
Ber. d. deutsch. chem. Gesellsch., 29; Marchlewski and Nencki, Ber. d. d. chem. 
Gesellsch.. 34; Nencki and Zaleski, Max’chlewski, Chem, CentralbL, 1902, I, 

1016; Zaleski, Zeitschr. f. physiol. Chem.,. S7. 





198, 


THE BLOOD. 


The question, whether the amount . of', phosp.horus in the hsemogiobm 
from birds exists as a contamination or as a constituent has not been 
decided. According to Inoko the hsemoglobin from goose-blood consists 
of a combination between nucleic- acid and h^emogiobiii. In the hinmo- 
globin from the horse (Zinoffsky), the pig, and the ox^ (Hupner) we have 
1 atom of iron to 2 atoms of sulphur, while in the h^mogiobiri from the 
dog (Jaqijet) the relation is 1 to 3. From the data of the elementary 
analysis, as also from the amount of loosely combined oxygen, Hupner ^ 
has calculated the molecular weight of dog-hmmoglobin as 14 129 and the 
formula C 636 lIi 025 NiG 4 FeS 3 Oisi. According to the more recent determina- 
tions of HiipxER and Jaquet,^ ox-hmmoglobin contains an average of 
0.336 per cent iron, from which a molecular weight of 16 669 may I)e cal- 
culated. The haemoglobin from various kinds of blood not only shows a 
diverse constitution, but also a different solubility and crystalline form, 
and a varying quantity of water of crystallization; hcncc wo infer that 
them are several kinds of hiomoglobin. Bohr is a very zealous advocate 
of this supposition. He has been able to obtain haemoglobins from dog- 
and horse-blood, by fractional crystallization, which had different powers 
of combining with oxygen and contained different quantities of iron. 
Hoppe-Seyler had already prepared two different forms of hsemoglobin 
crystals from horse-blood, and Bohr concludes from all these observations 
that the ordinaiy haemoglobin consists of a mixture of different haemo- 


globins. In opposition to this statement, Hupner ^ has shown that only 
one hscrnoglobm exists in ox-blood, and that this is probably true for 
the blood of many other animals. 

Oxyhsemoglobin, which has also been called H/Eaiatoglobulin or 
HiEmTOCRYSTALLiN, is a molecular combination of haemoglobin and oxy- 
gen. For each molecule of ha;moglobm 1 molecule of oxygen is present; 
and the amount of loosely combined oxygen which is united to 1 gram of 
hsemoglobin (of the ox) has been determined by Hupner^ as 3.34 c.c. 
(calculated at 0^ C. and 760 mm. mercury). 

According to Bohr, the facts are different. He differentiates between four 
oxyhjEmoglobins, according to the quantity of oxygen which they absorb, namely, 
a-, /?-, r-. and ^-oxyluBinoglobin, all having the same absorption-spectrum and 1 

^ Hoppe-Seyler, Med. chem* Untersuch,, 370; Jaquet, Zeitschr. f. physiol Chem., 
14; 296; KosseL ?m, 2, 150; Zinoffsky. 10; Hiifner, Beitr. z. Physiol, Festschr. 
I C. Ludwig, 1887, 74-81 , Joiirn. f. prakt. Chem. (N. F.), 22; Otto, Zeitschr. f. physiol 
Chem., 7; Inoko, ibid,, 18. , 

^ Arch, f, (Anat. u.) Physiol, 1894. 

" Bohr, Sur les combinaisons de l^htooglobine avec Foxygeme/^ Extrait du 
Bulletin de FAcad<§mie Roy ale Danoise des sciences, 1890; also Centralbl f. Physiol, 
1S90, 249, Hoppe-Seyier, Zeitschr, f . physiol. Chem., 2; Hi'fner, Arch. f. (Anat. u.) 

^Arcb. I (Anafc m) Physiol, 1901, Suppl , " ‘ 
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gram combining with, respectively 0.4, 0.8, 1,7, and 2.7 c.c. oxygen at the tern » 
perature of the room and with an oxygen pressure of 150 mm. mercury. The 
'/-oxyhaemogiobin. is the ordinary one obtained by the customary method of 
preparation. Bohr designates as a-oxyhsemoglobin the crystalline powder 
obtained by drying /-oxy haemoglobin in the air. On dissolving a-oxyhaemo- 
giobin in water it is converted into /?-oxy hemoglobin without decomposition, and 
the quantity of iron is increased. On keeping a solution of r-oxyhmmogiobin 
in a sealed tube it is transformed into o-oxyhsemoglobin, although the exact 
conditions under which this change takes place are not known. According to 
Hufner V these are nothing but mixtures of genuine and partly decomposed 
hsemoglobiiis. ■ ■ 

The ability of haemoglobin to take up oxygen seems to be a function of 
the iron it contains, and when this is calculated as about 0.33-0.40 per 
cent, then 1 atom of iron in the hemoglobin corresponds to about 2 atoms 
or 1 molecule of oxygen^ By increasing the partial pressure as well as 
by increasing the quantities of oxygen, the hemoglobin in solution takes 
up more oxygen, until it is completely saturated, when 1 molecule of 
hemoglobin is combined mth 1 molecule of oxygen. Still this reaction 
is reversible according to the type 1 (Hb) + 1 (O 2 ) ^ 1 (OHb) , and with 
diminished oxygen pressure a dissociation must take place with the giving 
up of oxygen and a re-formation of hemoglobin. The equilibrium between 
oxyhemoglobin, hemoglobin, and oxygen is determined according to the 
law of mass-action, and according to the investigations of Hufnee it is 
possible to calculate the relationship between oxyhemoglobin (OHb) and 
hemoglobin (Hb), at every desired partial pressure of the ox}^gen, by a 
formula suggested by him. According to Bohr^ this formula does not 
have sufficient basis and does not correspond to the facts. Bohr found, 
in opposition to TIufner^s statements, that with the same oxygen tension 
the absorption of oxygen by a hemoglobin solution changes vith the con- 
centration, and that a dilute solution combines with more oxygen^ calculated 
per 1 gram hemoglobin, than a concentrated solution. Bohr suggested 
another formula expressing the relationship between the oxygen absorp- 
tion and the oxygen tension, based upon the assumption that, besides the 
dissociation of the oxygen-hemoglobin compound, a dissociation of the 
hemoglobin into a part, containing iron and a part not containing iron also 
takes place. This formula, which in fact accorfs well tvith Bohr's findings, 
is nevertheless only true for a hemoglobin solution and not for blood, as, 
according to Bohr, the blood-pigment in the blood-corpuscles (the hemo- 
chrom) is changed on being converted into hemoglobin. Henri also 
finds that Hufner's formula for the dissociation of oxyhemoglobin is 
not useful, basing his claim upon theoretical considerations and upon 
unfinished investigations. 

rt^rch. f. (Aiiat. u.) physiol. , 1894. 

^ Bohr, Centralbl. f. Physiol., 17^ pp. 082 and 688; Henri, Compt. rend. £oc. biolog., 
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Tho' native pigment, the hsemochrom, combines, according to Bohr, in 
maximo with the same quantity of .oxygen as the corresponding hemo- 
globin, when the latter is prepared without the use of means having a strong 
action;, still from this it does not follow that the oxygen combination in 
hemochrom is identical with that in hemoglobin. According to Bohr 
this is not the case, at least with diminished pressure, for with low oxygen 
tension more oxygen is taken up by the blood than by a corresponding 
hemoglobin solution. The curve showing the oxygen absorption is lower 
in this case for a hemoglobin solution than for blood. The reason for 
this lies, according to Bohr, in the fact that the tension curve is influenced 
by the form of union of the part of the hemoglobin containing iron with 
the iron-free part, and that this union is changed because of changes in 
the iron-free part, as by the splitting off of lecithin, etc. The tension 
curve of the oxygen in the blood can, according to Bohr, be determined only 
by direct experiments on the blood itself and not by experiments upon 
hsemoglobin solutions. 

The elucidation of these conditions is of the very greatest importance, 
as the dependence of the reaction between OHb, Hb, and 0 upon the law 
of mass-action is naturally of the very greatest moment for the taking 
up of oxygen in the lungs and the giving up of the same to the tissues. 
The dissociation of the oxy haemoglobin makes it also possible to completely 
expel the oxygen from a haemoglobin solution or from blood by means of 
a vacuum or by passing an indifferent gas through the blood. 

Oxyhaemoglobin, which is generally considered as a weak acid, is dextro- 
rotatory, according to Gamgee.i The specific rotation for light of medium 
wave-lengths of C is (a)C== about +10'^, which corresponds also for carbon- 
monoxide haiinoglobin. The haemoglobin is also, like carbon-monoxide 
haemoglobin (COHb) and methaemoglobin (MHb), diamagnetic, while the 
haematin, which is richer in iron, is strongly magnetic (Gamgee^). On 
passing an electric current through an oxyhaemoglobin solution, the pig- 
ment first separates unchanged at the anode in a colloidal but still soluble 
form, and is then gradually transferred to the cathode in the colloidal 
state (Gamgee^"^). This transportation of the colloidal haemoglobin may 
also be made to take place through an animal membrane or through parch- 
ment paper. According to Gamgeb, the hsemoglobin probably exists in 
such a colloidal condition in the blood-corpuscles. 

Oxyhsemoglobin has been Obtained in crystals from several varieties 
of blood. These crystals are blood-red, transparent, silky, and may be 
2-3 mm. long. The oxyhaemoglobin from squirreTs blood crystallizes 
in six-sided plates of the hexagonal system; the other varieties of blood 
yield needles, prisms, tetrahedra, or plates which belong to the rhombic 


^ Hofmeister^s Beitrage, 4. , • : ■ Proceedings of Roy. Society, 68.; 


Ibid., 70. 
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system.^ The quantity of water of crystallization varies between 3“10 
per cent for the different oxyhsemoglobins. When completely dried at a 
low temperature over sulphuric acid the crj^stals may be heated to 110-115*^ 
C. without decomposition. At higher temperatures^ somewhat above 
they decompose, giving an odor of burnt horn, and leave, after 
complete combustion, an ash consisting of oxide of iron. The oxyhemo- 
globin crystals from difficultly crystallizable kinds of blood, for example 
from such as ox^s, human, and pig^s blood, are easily soluble in water. 
The oxyhsemoglobins from easily crystallizable blood, as from that of the 
horse, dog, squirrel, and guinea-pig, are soluble with difficulty in the order 
above given. The oxy haemoglobin dissolves more easily in a very dilute 
solution of alkali carbonate than in pure water, and this solution may be 
kept. The presence of a little too much alkali causes the oxyhsemoglobin 
to quickly decompose. The crystals are insoluble without decolorization 
in absolute alcohol. According to Nbncki^ it is hereby converted into 
an isomeric or polymeric modification, called by him 'parahcmoglohin, 
Oxyhaemoglobin is insoluble in ether, chloroform, benzene, and carbon 
disulphide. 

A solution of oxyhaemoglobin in water is precipitated by many metallic 
salts, but is not precipitated by sugar of lead or basic lead acetate. On 
heating the watery solution it decomposes at about 70° C., and splits off 
protein and h^matin. It is also readily decomposed by acids, alkalies, 
and many metallic salts. It gives the ordinary reactions for proteins 
with those protein reagents which first decompose the oxyhsemoglobin 
with the splitting off of protein. Oxyhsemoglobin, like the other blood- 
pigments, has a direct oxidizing action upon tincture of guaiacum. It 
has, on the other hand, like all blood-pigments containing iron, the property 
of an “ozone transmitter^^ in that it turns tincture of guaiacum blue in 
the presence of reagents containing peroxide, such as’ old turpentine. 

A sufficiently dilute solution of oxyhsemoglobin or arterial blood shows 
a spectrum with two absorption-bands between the Fraunhofer lines D 
and E. The one band, a, which is narrower but darker and sharper, lies 
on the line D; the other, broader, less defined and less dark band, lies 
at E. The middle of the first band corresponds to a wave-length Ji= 578.1 
and the second A =541.7. These bands can be detected in a layer I cm. 
thick of a 0.1 p. m. solution of oxyhaBmoglobin. In a still weaker dilution 
the band B first disappears. By increased concentration of the solution 


^The observation of Uhiik (Pfluger's Arch., 104) that the hsemoglobia from, 
horse-blood can also crystallize in hexagonal six-sided plates seems to be due to the 
fact that he had haemoglobin and not oxyhaemoglobin. 

2 Nencki and Sieber, Ber. d. d. chem. Gesellsch., 18. According to Kruger (see 
Biochem CentralbL, I, 40, 463) iiaemoglobin is somewhat changed by alcohol as well 
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the two bands become broader, the space between them smaller or entirely 
obliterated, " and at the' same time the blue and violet part of 'the spectrum, 
is darkened. The oxyhsemoglobin may be differentiated from other color- 
ing-matters having a similar absorption-spectrum by its behavior towards 
reducing substances^ (See p. 203.) 

The observation of Piettre and Vila that so-called laky blood and oxyhasmo- 
globin solutions in thick layers also show a third band iii the red (i = 634) depends 
ii. all probability, as also claimed by Ville and Derrien/ upon a partial forma- 
tion of methsemoglobin. 

A great many methods have been proposed for the preparation of 
oxyhsemoglobin crystals, but in their chief features they ail agree with 
the following one suggested by Hoppe-Sbyler: The washed blood-cor- 
puscles (best those from the dog or the horse) are stirred with 2 vols. 
water and then shaken with ether. After decanting the ether and allowing 
the ether which is retained by the blood solution to evaporate in an open 
dish in the air, cool the filtered blood solution to 0° C., add while stinirig 
I vol. of alcohol also cooled, and allow to stand a few days at - 5® to - 10® 
G. The crystals which separate may be repeatedly recrystallized by 
dissolving in water of about 35® C,, cooling, and adding cooled alcohol as 
above. Lastly, they are washed with cooled water containing alcohol 
(I vol. alcohol) and dried in vacuum at 0° C. or a lower temperature.^ 

For the preparation of oxyhsemoglobin crystals in small quantities 
from easily cr}"stallizable blood, it is often sufficient to stir a drop of blood 
with a little water on a microscope slide and allow the mixture to evaporate 
so that the drop is surrounded by a dried ring. After covering with a 
cover-glass, the crystals gradually appear radiating from the ring. These 
crystals are formed more surely if the blood is first mixed with some water 
in a test-tube and shaken with ether and a drop of the lower deep-colored 
liquid treated as above on the slide. 

Haemoglobin, also called reduced haemoglobin or purple chuorin 
(Stokes^), occurs only in very small quantities in arterial blood, in larger 
quantities in venous blood, and is nearly the only blood-coloring matter 
after asphyxiation. 

Hsemoglobin is much more soluble than the oxyhsemoglobin, and it can 
therefore be obtained as crystals only with difficulty. These crystals are 
as a rule isomorphous with the corresponding oxyhsemoglobin crystals, 
but are darker, having a shade towards blue or purple, and are decidedly 


^ Zeitschr. f. Biologie, 34, contains the investigations of Gamgee on the absorp- 
tion of the ultra-violet rays by the blood pigment. It also contains some of the earlier 
investigations. 

2 Piettre and Vila, Coinpt. rend., 140;. Ville and Derrien, ibid., 140. 

^In regard to the preparation of oxyhasmoglobin, see also Hoppe-Seyler-Thier- 
felder's Handbuch, 7. Aufi.; also the works cited in foot-note 1, p. 198; also Schuur- 
manns-Stekhoven, Zeitschr. t physioL".Chem.,' 33, 296;' see also Bohr, Skand, Arch. 

'‘Philosophical Magazine, 28, No. 190, 'Nov., 1864. • ' ' 
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more pleochromatic. The hsemoglobin from horse-blood has also been 
obtained by UmiK ^ in hexagonal six-sided plates. Its solutions in water 
are darker and more violet or purplish than solutions of oxyhsemoglobin 
of the same concentration. They absorb the blue and the violet rays of 
the spectrum in a less marked degree, but strongly absorb the ra3^s lying 
between (7 and D. In proper dilution the solution shows a spectrum with 
one broad, not sharply defined band bet-ween D and E, w^hose darkest part 
corresponds to , the wave-length >1=555. This band does not lie in the 
middle between D and but is towards the red end of the spectrum, a 
little over the line D. A hsemoglobin solution actively absorbs oxygen 
from the air and is converted into an ox^^hsemoglobin solution. 


A solution of oxyhsemoglobin may be easily converted into a solution 
ha\nng the spectrum of hsemoglobin by means of a vacuum, by passing an 
indifferent gas through it, or by the addition of a reducing substance, as, 
for example, an ammoniacal ferrous-tartrate solution (Stokes' reduction 
liquid). If an oxyhsemoglobin solution or arterial blood is kept in a sealed 
tube, we observe a gradual consumption of oxygen and a reduction of the 
oxyhsemoglobin into hsemoglobin. If the solution has a proper concen- 
tration, a crystallization of hsemoglobin ma^" occur in the tube at low^er 
temperatures (Hufner . 

Pseudok^moglobin. Ludwig and Siegfried ® have observed that blood 
which has been reduced by hyposulphites so completely that the oxyhsemoglobin 
spectrum disappears and only the hsemoglobin spectrum is seen, yields large 
amounts of oxygen when exposed to a vacuum. Blood which has been reduced 
by the passage of a stream of hydrogen through it until the oxyhsemoglobin 
spectrum disappears acts in the same manner. Hence a loose combination of 
hsemoglobin and oxygen exists which gives the hsemoglobin spectrum, and this 
combination is called pseudohaemoglobin by Ludwig and Siegfried. Pseudo- 
hsemoglobin, whose presence has been detected in asphyxiation blood from dogs, 
is considered by Hammarsten as an intermediate step between hsemoglobin and 
oxyhsemoglobin on the reduction of the latter. The occurrence of pseudohsemo- 
globin does not seem to have been positively proved."* 

Methaemoglobin. This name has been given to a coloring-matter w^hich 
is easily obtained from oxyhsemoglobin as a transformation product and 
which has been correspondingly found in transudates and cystic fluids 
containing blood, in urine in hsematuria or hsemoglobinuria, also in urine 
and blood on poisoning with potassium chlorate, amyl nitrite or alkali 
nitrite, and many other bodies. 

Methsemoglobin does not contain any oxygen in molecular or dissociable 
combination, but still the oxygen seems to be of importance in the forma- 
tion of methsemoglobin, because it is formed from oxyhasmoglobin and 
not from hsemoglobin in the absence of oxygen or oxidizing agents. If 

2 Zeitschr. f. physiol. Chem., 4; see also XJhJik, 1. c. , , 

® Arch. f. (Anat. u.) Physiol., 1890; see also Ivo Novi, Pfiuger's ArcHv, 56. , . 

** See Hiifiier, Arch. f. (Arxat. tu) PhysioL, 1894, 140* , , y , 
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arterial blood be sealed, up in. a tube, it gradually consumes its oxygen and. 
becomes venous, and by this absoiptio 2 i-,of oxygen a little methsemogiobin 
is forriied. The same occurs -on .the addition of a s,mall quantity of acid to 
the blood. By the spontaneous decomposition of blood some methsemo- 
giobin is formed^ and' by the action of ozone^ potassium permanganate^ 
pot.assiiim, ferricya.nide; chlorates, nitrites, nitrobenzene, pyrogaliol, pyro- 
catechiii, acetanilide, and certain .other bodies on the blood an abundant 
formation.of methmmogiobm takes place. 

Aceo.rding to the investigations of Hufnee, Kulz, and Otto ^ methsemo- 
.globin ,coritaiiis just .as imieh ox 3 ^gen as' 'oxyhemoglobin, but it, is more 
stroiigiy ,combmed. By the, 'action ■ of potassium ferricyanide or potassium, 
permanganate upon oxyhamiogiobin ,first^ 1 molecule oxygen (i.e., the 
e.n,ti're .quantity of loosety combined oxygen) is split off and in the.siibse- 
cpient rnetliamioglobiii formation either two oxygen atoms (Haldane) or 
two hydroxyl groups are combined (Hufner, v. Zeynek^). jMethtemo- 
glo!)in solutions are reduced to hnnnoglobin b}"^ reducing agents. Jader- 
HOLM and Saarbach claim that metha)moglobin is first converted into 
oxyhaanogiobiii and then into htemoglobin by reducing substances, while 
others (Hoppe-Seyler and Araki'*^) dispute this. 

According to Hufner and Reinbold ^ 1 gram methsemoglobiii can 
take up 2.685 c.c. nitric oxide. 

j\[ethmmoglobin crystallizes, as first shown by BIufner and Otto, in 
browmisli-red needles, prisms, or six-sided plates. It dissolves easity in 
w'ater: the solution has a brown color and becomes a beautiful red on the 
addition of alkali. The solution of the pure substance is not precipitated 
by basic lead acetate alone, but by basic lead acetate and ammonia. The 
absorption-spectrum of a ■water}" or acidified solution of metha 3 mogiobin is, 
according to Jaderholm and Bertin-Sans, very similar to that of hsematin 
in add solution, but is easily distinguished from the latter since, on the 
addition of a little alkali and a reducing substance, the former passes 
over to the spectrum of reduced hsemoglobin, while a hasmatin solution 
under the same conditions gives the spectrum of an alkaline ha3mochromogen 
solution (see below). Methsemoglobin in alkaline solution shows two 
absorption-bands which are like the two oxyha^moglobin bands, but they 
differ from these in that the band /? is stronger than a. By the side of 
the band a and united vdih it by a shadow lies a third fainter band between 
C and D, near to D. According to other investigators, Araki and Dit- 

^ See Otto, Zeitschr. f. physiol. Chem., 7. 

2 Haldane, Journ. of Physiol., 22; v. Zeynek, Arch. f. (Anat, u.) Physiol 1899* 
Hufner, ibid, ' " 

® Jaderholm, Zeitschr. f. Biologie; 16 ; , Saarbach, Pfiuger^s Arch., 28; Araki, Zeit- 
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TRiGH, a neutral or faintly acid methsemoglobin solution shows only one 
characteristic band, a, between C and D, whose middle corresponds to 
about i— 634. The two bands between D and E are only due to con- 
tamination with oxylnemoglobin (Menzies^). 

The statements as to the action of sodium fluoride upon haemoglobin and 
metlimmoglobiii are somewhat contradictory 

Crystallized methsemoglobin may be easily obtamed by treating a con- 
centrated solution of oxyhsemoglobin with a sufficient quantity of concen- 
trated potassium-ferricyanide solution to give the mixture a porter-brown 
color. After cooling to 0®C. add J voL cooled alcohol and allow the mix- 
ture to stand a few days in the cold. The cr}^stals may be easily purified 
by recrystallizing from water by the addition of alcohol 

Cyanmeth^emoglobin (cyanhmmoglobin) is, according to Haldane, identical 
with photomethsemoglqbin (Bock), which is produced by the influence of sunlight 
upon a methsemoglobin solution containing potassium ferricyanide* It was 
first carefully described by R. Kobert and obtamed in a crystalline form by 
V. Zeynek.® It is immediately formed in the cold by the action of a hydrocyanic- 
acid solution upon methaimoglobin, but is formed by its action upon oxyhaBmo- 
globin only at the body temperature. The neutral or faintly alkaline solutions 
show a spectrum which is very similar to the haemoglobin spectrum. 

Acid haemoglobin is a coloring-matter produced by the action of very weak 
acids upon oxyhsemoglobin, which according to Harnack ^ is not, as used to be 
admitted, identical with methaemoglobin. 

Carbon-monoxide Haemoglobin^ is the molecular combination between 
1 molecule of hsemoglobm and 1 molecule of CO, according to Hufner,® 
wffiich contains 1,34 c.c. of carbon monoxide (at 0° and 760 mm. Hg) 
for 1 gram hsemoglobin. This combination is stronger than the oxygen 
combination of haemoglobin. The oxygen is for this reason easily driven 
out of oxy haemoglobin by carbon monoxide, and this explains the poison- 
ous action of this gas, which kills by the expulsion of the oxygen of the 
blood. In regard to the division of the blood-pigments between the carbon 
monoxide and oxygen under different partial pressures of both gases in 


^ Jaderholm, 1. c.; Bertin-Sans, Comp, rend., 106; Dittrich, Arch. f. exp. Path. u. 
Pharm., 29; Menzies, Journ. of Physiol, 17. Important references on methsemo- 
globin are given by Otto, PfiugeBs Arch., 31. 

2 Piettre and Vila, Compt. rend., 140; Ville and Derrien, ibid,, 140. 

® Haldane, Journ. of Physiol, 25; Bock, Skand. Arch. f. Physiol, 6 ; Kobert, 
Pfliiger^s Arch., 82; v. Zeynek, Zeitschr. f. physiol Chem., 33. 

'‘ Zeitschr. f. physiol. Chem., 26. 

® In reference to carbon-monoxide haemoglobin, see especially Hoppe-Seyler, Med.- 
chem. Untersuch., 201; Centralbl f. d. med. Wissensch., 1864 and 1865; Zeitschr. 
f. physiol Chem., 1 and 13. 

®Arch. f. (Anat. u.) Physiol, 1894. On the dissociation constant of carbon- 
monoxide hsemoglobin, see ibid,, 1895.. In regard to the contradictory statements of 
Saint-Martin and others and their disproval, see Hufner, Arch. f. (Anat. u.) Physiol, 
1903. 
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the air^ we.iiiiist refer to the investigations of HtiFNER,^ whose results are 
tabulated. 

The .carbon iiiono^dde can be driven out by a vacuum as well: as, by 
p,assmg an indifferent gas, or oxygen or nitric oxide through the so.lutioii 
;for a Io,ug timej and in these cases hsemogiobin, oxy haemoglobin, or nitric- 
oxide haemoglobin are formed. The carbon monoxide is also expelled by 
potassium lerricyanide and methsemogiobin is formed (Hald,ane^). 

Carboii“mono,xicle . hajmogiobin is formed by^ , saturating blood or a 
hasmoglobiii solution vath carbon monoxide, and may be obtained as crystals 
by the same means as oxyhsemoglobin. These crystals are isomorplious 
with the ox 3 dimmogiobiii cr 3 "stals/ but are less soluble and more stable, 
and their bluish-red color is more marked. For the detection of carbon- 
monoxide luemoglobin, its absoiption-spectnim is of the greatest importance. 
This spectmrn shows two bands wliich are very similar to those of oxyhosmo- 
giobin, but they occur more towards the violet part of the spectrum. The 
middle of the first band corresponds to >^.= 572 and the second to A=536. 
These bands do not change noticeably on the addition of reducing sub- 
stances; this constitutes an important difference between carbon -monoxide 
luemoglobin and oxyhiemoglobin. If the blood contains oxyha3moglobin 
and carbon-monoxide hscmoglobm at the same time, we obtain on the 
addition of a reducing substance (ammoniacal ferro-tartrate solution) 
a mixed spectrum originating from* the haemoglobin and carbon-monoxide 
haemoglobin. 

A great many reactions have been suggested for the detection of carbon- 
monoxide haemoglobin in medico-legal cases. A simple and at the same 
time a good one is Hoppe-Seyler’s alkali test. The blood is treated with 
double its volume of caustic-soda solution of 1,3 sp. gr., by which ordinary 
blood is converted into a dingy brownish mass, which when spread out 
on porcelain is brovn with a shade of green. Carbon-monoxide blood 
gives under the same conditions a red mass, which if spread out on porce 
lain shows a beautiful red color. Several modifications of this test have 
been proposed. Another yery good reagent is tannic acid, which gives 
with dilute normal blood a brownish-green precipitate and with carbon- 
monoxide blood a pale crimson-red precipitate.^ 

As according to Bohr there are several oxyhsemoglobins, so also, according to 
Bohr and Bock/ there are several carbon-monoxide haemoglobins, with different 


^ Arcli, f. exp. Path. ii. Pharm., 48. 

Journ. of Physiol, 22. 

® In regard to this test (as suggested by Kunkel) and others we refer to Kostin, 
Pflnger’s Arch., 84, which contains a very excellent summary of the literature on the 

^ CentralbL f. Physiol, 8, and.M^y's Jahresber., 25. 
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amounts of carbon monoxide. As hsemoglobin can unite with oxj^gen and carbon 
dioxide simuitaneously, as shown by Bohr and ToruP; so also can it unite with 
carbon monoxide and carbon dioxide simultaneousiy and independently of each 
:■ other. , , : , ■ 

Carbon-iiioiioxide methaemoglobin has been prepared by Weil and v. Anrbf 
by the action of potassium permanganate on carbon-monoxide haemoglobin, 
but this is contradicted by Bertin-Sans and Moitessieb.^ Sulphur meth^mo- 
globin is the name given by Hoppe-Seylee to that coloring-matter which is 
formed by the action of sulphuretted hydrogen upon oxyhaemogiobin. The 
solution has a greenish-red, dirty color, and shows two absorption-bands between 
C and D. This coloring-niatter is claimed to be the greenish color seen on the 
surface of putrefying flesh. According to Harnack ^ the conditions are different 
when HaS is passed through an oxygen-free solution of haBmoglobin (or carbon- 
monoxide haemoglobin). The sulphhaemoglobin thus formed shows one band in 
the red between C and D. 

Carbon-dioxide Haemoglobin, Carhohwmoglohin, Haemoglobin, accord- 
ing to Bohr and Torup ^ also forms a molecular combination with carbon 
dioxide whose spectrum is similar to that of haemoglobin. According to 
Bohr there are three different carboh^moglobins, namely, a-, /?-, and 
^-carbohsemoglobin, in which 1 gram comt3ines with respectively 1.5, 3, and 
6 c.c. CO 2 (measured at 0^ 0. and 760 mm.) at 18'^ C. and a pressure of 60 
mm. mercury. If a haemoglobin solution is shaken with a mixture of 
oxygen and carbon dioxide, the haemoglobin combines loosely wdth the 
oxygen as well as with the carbon dioxide, independently of each other, 
just as if each gas existed alone (Bohr). He considers that the two gases 
are combined with different parts of the haemoglobin, that is, the oxygen 
with the pigment nucleus and the carbon dioxide with the protein com- 
ponent. Bohr has given an equilibrium formula for the carbon-dioxide 
absorption of haemoglobin at different carbon-dioxide tensions, and the 
results obtained on calculation, using this formula, correspond very w^ell 
with the results obtained directly. Attention must be called to the fact 
that, as observed by Torup, haemoglobin is in part readily decomposed 
by the carbon dioxide with the splitting off of some protein. 

Nitric-oxide Haemoglobin is also a crystalline molecular combination 
which is even stronger than the carbon-monoxide haemoglobin. Its solu- 
tion shows tw^o absorption-bands which are paler and less sharp than the 
carbon-monoxide haemoglobin bands, and they do not disappear on the 
addition of reducing bodies. Haemoglobin also forms a molecular com- 
bination with acetylene, 

Hgemorrhodm is the name given by Lehmann to a beautiful red pigment 
soluble in alcohol and ether, which is extracted from meat and meat products 

^ V. Anrep, Arch. f. (Anat. u.) physiol, 1880; Sans and Moitessier, Coiript. rend., 113. 

^ Med.-chem. Untersuch., 151. See Zeitschr. f. physiol. Chem., ll; Har- 
nack, 1. c. , / ' ■ \ ‘ ^ ^ ‘ 

® Bohr, Extrait du Bull, de FAcad. Danoise, 1890; Centralbl. f. Physiol, 4 and 
17; Torup, Malyhs Jahresber., 17. 
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by boiling alcohol and which seems to be. produced by the action of^ small amou.nts 
of iiitrites. Another pigment isolated b}^ Lewin ^ from the blood of animals 
poisoned: by pheiiylhyd,razine has .been called h(Bmoverdin. By heating ^solu- 
tion of ,blood-pigm,e.iit treated with caustic potash and, mixed with .alcohol to 
.60"^ C. we obtaiip according to.Y. Klaveren, a pigment which he calls kath^mo- 
c/lobAij but called by Arnold, ^ who' first . obtained it, neutral tema to, which is 
produced by the splitti,ng off of a ferruginous complex This pigment still, con- 
tains protein, .but is poorer in iro.n than the hiemoglobin or inethaBmoglobin and 
.probably .forms an intermediary product in the conversion of the above into 
fnematiii. . 

Deco'mposition prochicts of the hlood-pignients. By its decomposition 
iimmogiobin yields, as pre^dously stated, a protein^ which has been called 
globm (Preyer, Schulz), and a ferruginous chief products. 

According to LAwmo\v 94.09 per cent protein, 4.47 per cent haematin, and 
1.44 per cent other bodies are produced in this decomposition. The globin, 
wdiich was isolated and studied by Schulz, ^ differs from most other pro- 
teins by con taming a high, amount of carbon, 54.97 per cent, with 1698. 
per cent of nitrogen. It is insoluble in water, but very easily soluble in 
acids or alkalies. It is not dissolved by ammonia in the presence of 
ammonium chloride. Nitric acid precipitates it in the cold but not when 
warm. It may be coagulated by heat, but the coagulum is readily soluble 
in acids. Because of these reactions it is considered as a histone by Scpiulz. 

On hydrolytic cleavage globin (from horse-blood) yields, according to 
Abderhalden,'^- the ordinary cleavage products of the proteins and 
especially leucine, 29 per cent. It is also important to call attention to the 
large amount of histidine, 10.96 per cent, wliile the quantities of arginine 
and lysine w'ere only 5.42 and 4.28 per cent respectively. 

The pigment split off is different, depending upon the conditions under 
wdiich the cleavage takes place. If the decomposition takes place in the 
absence of oxygen, a coloring-matter is obtained which is called by 
Hoppe-Seyler hceMochromogen, by other investigators (Stokes) reduced 
Jmmatin. In the presence of oxygen, hasmochromogen is quickly oxidized 
to hmmatin, and there is therefore obtained in this case hmmatin as a colored 
decomposition product. As hsemochromogen is easily converted by 
oxygen into hmmatin, so this latter may be reconverted into hmmochromogen 
b}" reducing substances. 

Hasmochroinogeii was discovered by Hoppe-Seyler.^ It is, accord- 
ing to Hoppe-Seyler, the colored atomic group of haemoglobin and of its 
combinations with gases, and this atomic group is combined with proteins 

. B. Lehmann, Sitzungsber. d. phys.-med. Geselisch. Wurzburg, 1899; Lewin, 

f'' 

® V. Elaveren, Zeitschr. f. physiol Chem., 33; Arnold, ihid., 29. 

^Lawrow, ibid., 20; Schulz, ibid., 24; Preyer, Die Blutkristaiie, Jena, 1871. 

■* Zeitschr, f. physiol. Chem., 37. 
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in tMe pigment. The characteristic absorption of light depends on the 
baemochromogen, and it is also this atomic group which binds in the oxy- 
hiemoglobin 1 molecule of oxygen and in the carbon-monoxide hemoglobin 
1 molecule of carbon monoxide with 1 atom of iron. Haemochromogen 
is produced in an alkaline solution of hasmatin by the action of reducing 
bodies. By the reduction of hsematin in alcoholic ammoniacal solution by 
means of hydrazine v. Zeynex^ w^as able to obtain the solid bromish-red 
ammonia combination. 

combines, as Hoppe-Seylee first showed, also with 
carbon monoxide. This compound, which in aqueous solution gives 
a spectrum similar to oxyhaemogiobin, has been obtained by Peegl^ in 
the solid condition as a deep-violet powder which is insoluble in absolute 
alcohol. In opposition to haemoglobin the ha3mocliromogen combines 
with oxygen more firmly than with carbon monoxide. The assumption 
of Hoppe-Seylek that this compound is a combination of 1 molecule 
haeiiiochromogen and therefore contains 1 molecule carbon ^monoxide 
for 1 molecule of iron has been experimentally substantiated by Hufnee 
and Kuster and by Peegl.^ 

An alkaline haemochromogen solution has a beautiful cherr^^-red color. 
It slmws two absorption-bands, first described by Stokes, one of which 
is dark and whose center corresponds to ^=556.4 between D and 
and a second broader band, less dark, which covers the Fraunhopee 
lines E and h. The middle of tliis band corresponds to 520.4. In acid 
solution haemochromogen shows four bands, which, according to Jader- 
HOLM,^ depend on a mixture of haemochromogen and h^matoporph^uin 
{see below), this last formed by a partial decomposition resulting from 
the action of the acid. 

AIilroy ^ from an alcoholic solution of hasmatin containing oxalic acid, 
after driving out the air by means of hydrogen gas, gradually obtained 
an acid solution of reduced haematin (haemochromogen) by means of zinc 
dust. This solution showed one absorption-band between D and E, 

Haemochromogen may be obtained as crystals l3y the action of caustic 
soda on haemoglobin at 100° C. in the absence of oxygen (Hoppe-Seyler) . 
By the decomposition of haemoglobin by acids (of course in the absence of 
air) we obtain haemochromogen contaminated with a little haematopor- 
phyiin. An alkaline h^mochromogen solution is easily obtained by the 
action of a reducing substance (Stokes^ reduction liquid) on an alkaline 
haematin solution. An ammoniacal solution of h^matin on reduction with 
hydrazine yields haemochromogen , Ytvj easily. An alcoholic, alkaline 


^ Zeitschr. f. physiol., Chem., 25. 

® Hufner and Kuster, Arch. f. (Anat. u.) Physiol., 1904, SiippL; Pregl, L c, 
^ Nord, Med. Arkiv.,, 16. ' ' 

® Journ, of Physiol., 82. 
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hydrazine solution is also recommended' by RiegleE'^ as a reagent, loi 

biood-pigmentSj converting them into bsemochromogen. 

^Hsematin, also called OxTHiSMATiN, is' sometimes found' in nld transu- 
dates. It is formed by the action of 'the gastric or pancreatic Juices on 
oxyhmmoglobin, and is therefore also found in the feces after hemorrhage 
■in the intestin'al caiia-b and also after a meat diet and food rich in blood. 
It is stated that h^matin may occur in urine after poisoning vith arseniii- 
retted hydrogen. As shovTi above, the h^ematin is formed by the decom- 
position of oxyhannoglobin, or at least of hsemoglobin, in the presence of 
oxygen. 

The statements in regard to the composition of hsematin are rather 
contradictory, which seems to be due to the fact that the substance, 
h^min (see below), from which the formula of hsematin is derived, has 
a somewhat different composition, dependent upon various conditions. 
According to Hoppe-Seylee hsematin has the formula C34H34N4FeO 5, 
and from the recent investigations upon hsemin, which will be mentioned 
below, this formula seems to be now generally accepted. According to 
this formula 1 atom of iron occurs with every 4 atoms of nitrogen. Ac- 
cording to Cloetta, and also Rosenfeld,^ hsematin has the formula 
C3oH34N3Fe03, with 1 atom of iron for every 3 atoms of nitrogen. 

Hsematin is very resistant to'wards boiling concentrated caustic potash 
as w^ell as towards boiling hydrochloric acid. It dissolves in concentrated 
sulphuric acid and is converted into hsematoporphyrin with the splitting 
u off of iron. On heating dry hsematin it yields abundant pyrrol . On 
reduction with tin and hydrochloric acid a body similar to urobilin is 
^ formed. As an oxidation product of hsematin in glacial acetic acid with 
potassium bichromate or chromium trioxide, Kustee ^ obtained the 
imide of the tribasic ha^matinic acid, C8H9NO4, which is also produced on 
the oxidation of hsematoporphyrin and bilirubin. 

The imide of the tribasic hsematinic acid, which is a derivative of maleic acid 
and probably has the formula C5H7(COOH) <qq> NH, is readily transformed into 

the anhydride of the tribasic hsematinic acid, QHgOs, having the probable formula 
CH3.C.CO 

I i >0. On heating the imide with alcoholic ammonia to 
C00H.CH,.CH2.C.C0 

130° C. it splits off carbon dioxide, and the imide of the bibasic hsematinic acid, 
C7H9NO2, is obtained. From this imide on saponification with baryta-water we 


^ Zeitschr. f. analyt. Chem., 43. 

® Hoppe-Seyler, Med.-chem. Untersuch., p. 525; Cloetta, Arch. f. exp. Path. u. 
Pharrn., 36; Rosenfeld, ibid., 40. 

^ Beitrage zur ~ Kenntnis des Hamatins, Tubingen, 1896; Ber. d. d. chem. 
Gesellseh., 27, 30, 32, and 35;. AnnaL d. Chem. u. Phann., 315, and Zeitschr. f. physiol. 
Chem.> '28, 40, and 44. ^ 
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obtain the bariumi salt of an acid whose anh 3 ^dride is metlivbethvl maleic-acid 
CJIs.C.CO 

anhydride, ; || >0. 

_ CHs.aco 

The yield of lia^maiinic acids is so great that Kuster considers that at least 
three if not four molecules CgUgNO^ are formed from one hsematin molecule. On 
heating hsematinic acid ester with alcoholic ammonia in a tube to 130^ Kustbe 
obtained a colored product whose bluish- violet aqueous solution gave a spectrum 
with two bands which in position were similar to the oxy haemoglobin spectrum. 

Hsematin is amorphous, dark bromi or bluish black. It be heated 
to 180 ° C. without decomposition; on burning it leaves a residue consisting 
of iron oxide. It is insoluble in water, dilute acids, alcohol, ether, and 
chloroform, but it dissolves slightly in warm glacial acetic acid. H^ematin 
dissolves in acidified alcohol or ether. It easily dissolves in alkalies, even 
when very dilute. The alkaline solutions are dichroitic; in thick layers 
they appear red by transmitted light and in thin layers greenish. The 
alkaline solutions are precipitated by lime- and baryta-water, as also by 
solutions of neutral salts of the alkaline earths. The acid solutions are 
always brown. 

An acid hsematin solution absorbs the red part of the spectrum only 
slightly and the violet parts strongly. The solution show^s a rather sharply 
defined band between C and Z), whose position may change with the variety 
of acid used as a solvent. Between D and F a second, much broader, less 
sharply defced band occurs, which by proper dilution of the liquid is con- 
verted into two bands. The one between h and F, lying near F, is darker 
and broader; the other, between D and E, lying near E, is lighter and nar- 
rower. Also by proper dilution a fourth very faint band is observed be- 
tween D and E, lying near D. Hsematin may thus in acid solution show 
four absorption-bands; ordinarily one sees distinctly only the bands be- 
t-ween C and D and the broad, dark band — or the two bands — between D 
and E. In alkaline solution hsematin shows a broad absorption-band, 
w^hich lies in greatest part between C and D, but reaches a little over the 
line D towards the right in the space between D and E. As the position 
of the hsematin bands in the spectrum is quite variable, the exact w^ave- 
lengths corresponding thereto cannot be given exactly. 

Hsemin, HiEMiN Crystals, or Teichmann’s Crystals. H^min is 
the hydrochloric-acid ester of hsematin and is the starting-point in the 
preparation of the latter. 

The statements as to the composition, of hsemin are just as variable 
as those for h^matin, which is partly due to the fact, as shown by Nencki 
and Zaleski, that the h£ematin, which contains t-wo hydroxyls in the 
molecille, may form ethers with acids and alkyl radicals, which also yield 
addition products with indifferent compounds. Thus the hasmin prepared 
according to Nencki and Sieber-’s method contains amyl alcohol. 
Schalfejeff's hsemin, having the formula C 34 H 33 N 4 Pe 04 Cl, is supposed 
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to contain an acetyl group 'and hence is called ace thsemin. Mornbr^s 
h®min, CssH35N4Fe04Ci, is considered as a monoethyl, ether of acethaemm. 
The investigations oI Zaleski, Hetper and .Marchlewski, K. Morner, 
and especially, those of Kuster have given explanations of these conditions. 
The so-called acethsinm does not contain 'any acetic-acid radical, hence 
its name is incorrect. Kuster, by a new method of purification and recry s- 
tallization, has shown that the older various kinds of hsemins were not 
chemical individuals and that we have only one lia^min. This view is now 
accepted b}^ M5rner and most of the other investigators, and the formula 
C34H3304N4EeCI is now given to hsemin. Piettre and Vila ^ dispute this 
formula, and they claim to ha^^ prepared chlorine-free Inemin from pure 
crystalline oxy haemoglobin. 

Hannin crystals form in large masses a bluish-black powder, but are so 
small that they can only be seen by aid of the microscope. They consist 
of dark-brovn or nearly brovmish-black long, rhombic, or spool-like 
crystals, isolated or grouped as crosses, rosettes, or stellar forms. Cubical- 
crystals may also occur, according to Cloetta. They are insoluble in 
water, dilute acids at the normal temperature, alcohol, ether, and chloro- 
form. They are slightly soluble in glacial acetic acid with heat. They 
dissolve in acidified alcohol, as also in dilute caustic alkalies or carbonates; 
and in the last case they form, besides alkali chlorides, soluble h^matin 
alkali, from wliich the hcematin may be precipitated by an acid. 

On shaking with cold aniline and treating first with acetic acid and 
then -with, ether, Kuster obtained a product, dehydrochloride hasmin, 
which was poor in the elements of hydrochloric acid and which again took 
up HCl and was converted into hsemin. By the action of boiling aniline, 
hydrogen is driven out and a combination with aniline, without loss of 
iron, takes place. 

The principle of the preparation of hsemin cr}^stals in large quantities 
is as follows: The washed sediment from the blood-corpuscles is coagu- 
lated with alcohol or by boiling after dilution mth water and the careful 
addition of acid. The strongly pressed but not dry mass is rubbed with 
90-95 per cent alcohol which has been previously treated with oxalic acid 
or h~l per cent concentrated sulphuric acid, and this is alloTOd to stand 
several hours at the temperature of the room. The filtrate is warmed to 
about 70 "^ G., treated with hydrochloric acid (for each litre of filtrate add 
10 e.c. 25 per cent hydrochloric acid diluted with alcohol — Morner), 
and allowed to stand in the cold. The crystals, which separate in one 


' ^Hencki and Zaleski, Zeitschr. f. physiol. Chem., SO; Nencki and Sieber, Arch, 
f. exp. Path, u. Pharm., 18 and 20, and Ber. d. d. chem. Gesellsch,, 18; Schalfejeff with 
Nencki and Zaleski, L c.; Bialobrzeski, Arch, des scienc. bioi, de St. Petersbourg, 5; 
K. Morner, Nord. Med. Arkiv, Festband, 1897, Nos. 1 and 26, and Zeitschr. f. physiol. 
Ohein.,41; Zaleski, -M., ; Hetper and Marchlewski, 41 and 42; Kuster, 

40; Piettre and Vila, Compt. rend., 141, p. 784*. ■ , . 
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or two days, are first washed with, alcohol and, then with water. ■ For 'par- 
ticulars ; as to the various methods of preparation and purification',' we ■ refer 
the,, reader to the above-cited works ,of Nencki and' Sieber,' Cloetta, 
M,orner, ,Rosenfeld, Nbncki and Zaleski .(Schalfejefp) , and especially 
to KtiSTER.^ 

Hsematin is obtained on dissolving the ha^min crystals in very dilute 
caustic alkali and precipitating with an acid. 

In preparing hsemin crystals in small quantities proceed in the following 
manner: The blood is dried after the addition of a small quantity of com- 
mon salt, or the dried blood may be rubbed with a trace of the same. 
The dry powder is placed on a microscope slide, moistened with glacial 
acetic acid, and then covered with the cover-glass. Add, by means of a 
glass rod, more glacial acetic acid b}^ applying the drop at the edge of the 
cover-glass until the space between the slide and the cover-glass is full. 
Now^ warm over a very small flame, with the precaution that the acetic 
acid does not boil and pass with the pow^der from under the cover-glass. 
If no ciy^stals appear after the first warming and cooling, w^arm again, and 
if necessary add some more acetic acid. After cooling, if the experiment 
has been properly performed, a number of dark-browii or nearly black 
ha 3 min ciystals of varying forms will be seen. 


In regard to the preparation of iodohsematin and the use of the same 
for the detection of blood w^e must refer to Strzyzow^ski's communication 
By the action of acids upon hmmochromogen, ha3matin, or hasmin a 
new iron-free pigment, wiiich was first closely studied by Hoppe-Seyleii 
and called hoBmatoporphyrin, is produced. According to the method of 
preparation h^ematoporphyrins having different solubilities and whose 
relationship to each other is not perfectly clear are produced, but all show 
the same characteristic absorption-spectrum. The best-studied haemato- 


porphyrin is the one obtained according to Nencki and Siebeh’s method, 
by the action of glacial acetic acid saturated with hydrobromic acid upon 
hsemin ciystals, best at the temperature of the body (Nencki and 
Zaleski ^). 

Hasmatoporphyrin, C16H18N2O3, or C34H38N4O6 according to Zaleski.^ 
This pigment, according to IMacMunn,^ occurs as a physiological pigment 
in certain animals. It occurs, as shown by Garbob and Saillet, as a 
normal constituent, although only as traces, of human urine. It occurs 
in greater quantities in human urine after the use of sulphonal (see 
Chapter XV), 

The formation of luaematoporphyrin from hsematin can be expressed 

^ Zeitschr. f. physiol. Cliem., 40. 

^ Therapeut. Monatshefte, 1901 and 1902. ; 

3 Hoppe-Seyler, Med.-chem. Untersuch., 52S; Nencki and Sieber, Monatshefte f. 
Chem., 0, and Arch. f. exp. Path. u. Pharm., 18, 20, and 24; Nencki and Zaleski, 
Zeitschr. f. physiol. Chem., 30. ; ' 

^ Zeitschr. f. physiol. Chem., 37, 54. > . . 


^214 


THE BLOOD. 


:..by ^tlie Tollowiiig equation If we start mth. the above formuia for hsemin 
■and Zausso’s foiiiiiilaTor iia^matoporphyrin:: ■ 

■ C34H33Nbi04FeCI +2HBr+2H20-C34H38N4064-FeBr2+IiCL 

...On. heating hsematoporphyrin it generates an odor of' pyrrol. On oxidation 
■■ .with bichromate, and. glacial acetic acid it yields hsematinic acid (see page 
'.■2',i0). A..pigmeiit .closely allied to the urinary pigment urobilin „ has been, 
obtained by the action of reducing substances on hsematoporphyrm 
■:'(.Hc)PPE“SEyL:Fm, Siebee, Le' Nobel, MacMunn). On the.,,, 

administratio'n of hamiatoporpyhrin to rabbits, Nencki and Rotschy ^ 
observed that a part was reduced to a substance similar to urobilin. 

Of especial interest are the recent investigations of Nencki, Makch- 
LEWSKI, and Zaleski^ upon the reduction products of hsematoporphyrin 
and their relationship to the chlorophyll derivatives. By the action of 
glacial acetic acid containing HI and of iodophosphonium upon haemin or 
hsemochromogen Nencki and Zaleski obtained a markedly characteristic 
pigment, ha\4ng the formula Ci 6 HisN 202 ^ oi’, according 

to Zaleski,^ C34H38N4O4, and \^hiGh stands in a certain measure between 
hsematoporphyrin, Ci 6 Hi 8 N 203 , and the chlorophyll derivative phyllo- 
porphyrin^ Ci6HisN20, which is very similar to hsematoporphyrin. By 
the action of the same reducing agent upon hsemin or hsemochromogen, 
but under other conditions, we ohtam hcBmopyrrol^ CgHisN, a colorless 
oil, wdiich in the air gradually changes into urobilin. Hsemopyrrol is 
produced by the action of the same reducing agents upon the chlorophyll 
derivative phyllocyanin (Nencki and Maechlew’^ski), which, as above 
remarked, shows a close relationship between the blood-pigment and 
chlorophyll. 

According to Nencki and Zaleski hsemopyrrol is probably 3“methyl-4-?2- 

CHa—C— C— C3H7 

II II 

propyipyrroi, HC CH. Kuster obtained an imide from hsemopyrrol on 


oxidation which was probably a derivative of methylprop 3 dmaleic acid. As 
hsematinic acid is undoubtedly a maleic-acid derivative, it was of interest to 
prove the correctness of the above formula of hsemopyrrol, and with this purpose 
in view Kuster and Haas ^ have compared the synthetically prepared imide 
of methylpropylmaleic acid with the imide obtained from hsemopyrrol. The two 
bodies wei’e not identical, therefore the above constitutional formula is ques- 

^ iloppe-Seyier, I c., 523; Le Nobel, Piduger's Arch., 40; MacMmin, Proc. Hoy. 
Soc., SO, and Journ. of PhysioL, 10;, Nenfeki and Botschy, Monatshefte f. Chem., 10. 
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tioiied. The attempt of^ Buraczewski 'and MAncHLEWSKit to prepare lisDnio- 
pyrrol artificially from nietliylpropylmaleiG-aeid imide yielded a product similar 
to hsemopyiTol, wliicli on oxidation in the air did not yield a typical uro- 
bilin but at least a substance closely related thereto. The assumption that 
hiemopyrrol is a pyrrol derivative is best borne out by the property which 
pyrrol has of reacting with diazonium compounds with the formation of azo 
pigments (Goldmann, Marchlewski, Hetper ^). 


Hmmatoporphyriii iS; according to Nencki and Sieber, isomeric mtli 
the bile-pigment bilimbin^and like this latter gives a play of colors—green, 
bluGj and yellow — when treated with fuming nitric acid. The hydro chloric- 
acid compound crystallizes in long browmish-red needles. If the solution 
in hydrochloric acid is nearly neutralized with caustic soda and then treated 
with sodium acetate^ The pigment separates out as amorphous, brown 
flakes not readily soluble in amyl alcohol, ether, and chloroform, but readily 
soluble in ethyl alcohol, alkalies, and dilute mineral acids. The com- 
pound with sodium crystallizes as small tufts of brown, cry-stals. The acid 
alcoholic solutions have a beautiful purple color, w'hich becomes \dolet- 
blue on the addition of large quantities of acid. The alkaline solution has 
a beautiful red color, especially when not too much alkali is present. 

An alcoholic solution of hsematoporphyrin, acidulated with hydrochloric 
or sulphuric acid, shows two absorption-bands, one of which is fainter and 
narrower and lies between C and Z), near D. The other is much darker, 
shai’per, and broader, and lies midway bet-ween D and E. An absorption 
extends from these bands towards the red, terminating with a dark edge, 
which may be considered as a third band between the other two. 

A dilute alkaline solution shows four bands, namely, a band between 
C and D; a second, broader band surrounding D and with the greater part 
between D and E; a third between D and E, nearly at E; and lasthq a 
fourth broad and dark band between h and F, On the addition of an 
alkaline zinc-chloride solution the spectmm changes more or. less rapidly,^ 
and finally a spectrum is obtained with only two bands, one of which 
surrounds D and the other lies between D and E. If an acid hsematopor- 
phyrin solution is shaken with chloroform, a part of the pigment is taken 
up by the chloroform, and this solution often shows a five-banded spectrum 
with two bands between C and D. .The position of the haematoporphyrin 
bands in the spectrum differs with the various methods of preparation 
and other conditions, so that they do not correspond to the same wave- 
length. These facts coincide wnll with the recent investigations of A. 
Schulz;^ according to which the appearance of the spectrum is not only 


^ Zeitschr. f . physiol. Chem., 43. 

® See Hammarsten, Skand. Arch. f. Physiol., 3, and Garrod, Journ. of Physiol, 13, 
^ Arch. f. (Anat. u.) Physiol, 1904, Suppl . , 
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dependent upon the reaction but also, upon the character of, the solvent 
and the method- of preparation.' 

In regard to llie. preparation' of hsematoporpliyrin, see Hoppe-Seylee- 
THiERPELDEPds Haiidbuch, 7.. Aufl., and the works cited on page 213. ,, 

Hamatinogen is a ferraginous pigment , so named by Freund/ which .he 
obtained by carefiiiiy extracting blood with '.alcohol containing .hydrochloric acid. 
It is closely related, to lise,'matin,'. but is not 'Sufficiently cha,racteristic, and is not 
considered as a- cleavage product. ■ ■ 

A question of great interest is'-'Whether it is possible to produce the 
blood-pigrfient from its cleavage products. In' this regard certain recent 
investigations a.re interesting., Zalbski obtained ; from me.soporphy.rin 
hydrochloride dissolved- in 80 per cent -acetic acid saturated with NaCl 
and heated .to ,50~70'^j a'-, h^min-like'' pigment- by the addition, of a..so,lu- 
tion of iron in acetic acid, and this pigment had a spectrum in acid 
solution very' - similar 'to that ' of .hsematin', although not identical with.it. .- 
Zaleski considers tliis.'. pigment as a. hydrogenized lisemin. ,. A regeneration 
of h^rniii fimn li^matopprphyrm 'has-" been performed ' by . Lai.dlaw. 
hiematoporphyrin .'js 'dissolved'-' 'in ',. dilute. . ammonia 'and warmed with 
Stokes^ solution and hydrazine hydrate, iron is taken up again and hsemo* 
chromogen is produced, which is changed into hsematiii by shaking with 
air. According to Ham and Balean,^ it is possible to produce h$moglo“ 
bin from hsemochromogen and giobin, and it is indeed possible that other 
proteins can replace giobin in this formation. 

Hasmatoidin, thus called by Virchow, is a pigment ■which crystallizes 
in orange-colored rhombic plates, and which occurs in old blood extravasa- 
tions, and whose origin from the blood-coloring matters seems to be estab- 
lished (Langhans, Cordua, Quincke, and others^). A solution of hsema- 
toidin shows no absorption-bands, but only a strong absorption from the 
violet to the green (Ewalb^). According to most observers, h^matoidin 
is identical with the bile-pigment bilirubin. It is not identical with the 
crystallizable lutein from the corpora lutea of the ovaries of the cow 
(Piccolo and Lieben,^ Kuhne and Ewald). 

In the detection of the above-described blood-coloring matters the 
spectroscope is the only entirely trustworthy means of investigation. If 
it is only necessary to test for blood in general and not to "determine 
definitely whether the coloring-matter is haemoglobin, methamoglobin, 

^ Wien. klin. Woclienschr.j 1903. 

■ 3 2aleski, Zeitschr. f. physiol. Chem., 43; Laidlaw, Journ. of Physiol., 31; Ham 

and Balean, 32. / ' ^ 

. ® A comprehensive review of the literature pertaining to h^matoidin may be found 

in Stadelmann, Der Icterus, etc., Stuttgart, 1891, pp. 3 and 45. 

' '^'‘•Zeitschr.. L'Biologie, 22, 475. 

; from Gorup-Besanez, Lehrbuchd. physiol. Chem., 4. Aufl., 1878, ■ ' ; : 
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orE^matin, then,'tlie preparation of hsemin cijstals is an, absolutely positive 
test.. The '.reader ,is referred to 'more extended ..text-boo,ks , for more exact, 
methods for the detection of blood in chemico-legal cases^ and it is perhaps 
sufficient to give here the cliief points of the investigation. 

If spots on clothes, linen, wood, etc., are to be tested for the presence 
of blood, it is best, when possible, to scratch or shave off as much as 
possible, rub with common salt, and from this prepare the hmmin ciystals. 
On obtaining positive results the presence of blood is not to be doui^ted. 
When sufficient material is not obtained by the above means, soak the 
spot with a few drops of water in a 'watch-crystal. If a colored solution 
is thus obtained, then remove the fibres, wood-shavings, and the like as 
far as possible, and allow the solution to dry in the watch-glass. The 
dried residue may be partly used for the spectroscopic test directly, and 
part may be employed in the preparation of the haemin cr}^stals. It may 
also be used to detect hasmochromogen in alkaline solution after previous 
treatment with alkali and the addition of reducing substances. 

If a colorless solution is obtained after soaking with water, or if the spots 
are on rusty iron, then digest with a little dilute alkali (5 p. m.). In the 
presence of blood the solution gives, after neutralization with h3’dro- 
chloric acid and drying, a residue which may give the hsemin crystals with 
glacial acetic acid. Another part of the alkaline solution shows, after 
the addition of Stokes^ reduction fluid, the absorption*bands of hsemo- 
chromogen in alkaline solution.^ 

The methods proposed for the quantitative estimation of the blood- 
coloring matters are partly chemical and partly physical. 

Among the chemical methods to be mentioned is the incineration of the 
blood and the determination of the amount of iron contained in the ash, from 
which the amount of hsemoglobin may be calculated. Jolles ^ has recently sug- 
gested a clinical method based on this procedure. 

The physical methods consist either of colorimetric or of spectroscopic 
investigations. 

The principle of FIoppe-Seyleb's colorimetric method is that a measured 
quantity of blood is diluted with -an exactly measured quantity of water 
until the diluted blood solution has the same color as a pure oxyhsemo- 
globin solution of a known strength. The amount of coloring-matter 
present in the undiluted blood may be easily calculated from the degree of 
dilution. In the colorimetric testing we use a glass vessel with parallel 
sides containing a lai’-er of liquid 1 cm. thick (Hoppb-Seyleb^s hsematinom- 
eter). The use of jffoppE-SEYLEB^s colorimetric double pipette is more 
advantageous. Other good forms of apparatus have been constructed by 
Giacosa and Zangebmeisteb.^ Instead of an oxyhsemoglobin solution w^e 
now^ generally use a carbon-monoxide haemoglobin solution as a standard 


^On the use of color reactions for the detection of blood, see O. and R. Adler, 
Zeitschr. f. physiol. Chem., 41, and Schumm and Westphal, ihid., 46. 

^PflugeFs Arch., 65; Monatshefte f. Chem., 17. See also Oerum, Zeitschr. f. 
anal. Chem., 43, and the works cited in Malyhs Jahresber., 33, 

®F. Hoppe-Seyler, Zeitschr, f, physiol. Chem., 16; G. Hoppe-Seyler, ihid,^ 21 1 
Wintemitz, ibid.y Giacosa, Maly’s Jahresber., 26; Zangermeister, Zeitschr, f. Biolo- 
gie, S3. 
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liquid ])ecraise it may be kept for a long time. The blood solution in tliis 
case is saturated with carbon monoxided 

The qiiantiiative estimation of the blood-coloring matters b}" means of 
the s]>ectroseope may be done in different ways, but at the present time 
the spccfrophotoimtric method is chiefly used, and tliis seems to be the 
most reliable. This method is based on the fact that the extinction coeffi- 
cient of a colored liquid for a certain region of the spectrum is directly 
proportional to the concentration, so that CiE—CiiEij when C and Ci 
represent the different concentrations and E and Ei the corresponding 

CC 

coefScicnts of extinction. From the equation ^ = follows that for 


one and the same pigment this relation, which is called the absorption 
ratio, must be constant. If the absorption ratio is represented by A, the 
determined extinction coefficient by E, and the concentration (the amount 
of coloring-matter in grams in 1 e.c.) by C, then (7 ==.4 .E. 

Different forms of apparatus have been constructed (Vierordt and 
Hufxer for the determination of the extinction coefficient, which is equal 
to the negative logarithm of those rays of light which remain after the pas- 
sage of the light through a layer 1 cm. thick of an absorbing liquid. In 
regard to this apparatus the reader is referred to other text-books. 

For purposes of control the extinction coefficients are determined in two dif- 
ferent regions of the spectrum. Hufner has selected (a) the region between the 
two absorption-bands of oxyhsemoglobin, especially between the wave-lengths 
5o4 nfi and 565 g/i, and (5) the region between the two bands, especially the inter- 
val between the w^ave-lengths 531.5 fifi and 542.5 ixp. The constants or the 
absorption ratio for these two regions of the spectrum are designated by Hufner 
by A and A^, Before the determination the blood must be diluted with water, 
and if the proportion of dilution of the blood be represented by F, then the con- 
centration or the amount of coloring-matter in 100 parts of the undiluted blood is 

C-IOO.F.^ .Fand 
F = 100.F.T'.F'. 

The absorption ratio or the constants in the two above-mentioned regions 
of the spectrum have been determined for oxyhsemoglobin, hsemoglobin, carbon 
monoxide haimoglobin, and metha3moglobin, as follow’s: 

OxyhiBmoglobin Ao =0.002070 and A'o =0.001312 

Haemoglobin Ar -0.001354 and A'r =0.001778 

Carbon-monoxide hsemoglobin. . ,Ac =0.001383 and A^c =0.001263 
MethiBinoglobin 4^=0.002077 and 4'^ = 0.001754 

The quantity of each coloring-matter may be determined in a mixture of 
two blood-coloring matters by this method; this is of special importance in 
the determination of the quantity of oxyhsemogiobin and hemoglobin present 
in blood at the same time. 

In order to facilitate these determinations, Hufner ® has w^orked out tables 
w^hich give the relatioii between the two pigments existing in a solution contain- 


^ See Haldane, Journ. of Physiol, 20. 

^ See Vierordt, Die Anweiidung des Spektralapparates zu Photoinetrie, etc. (Tubin- 
gen, 1873), and Hlifner, Arch, f., (Anat. u.) Physiol, 4894, and Zeitschr. f, physiol. 
Chem., 8; v Noorden, ibid., 4; Otto, Pfluger's Arch., 31 and 36. 

" Arch. f. (Anat, u.) Physiol, 1900. . 
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Iiig oxytemoglobin and another pigment (haemoglobin, methsemoglobin, or carbon- 
monoxide haemoglobin), and thus allowing of the calculation of the absolute quan- 
tity of each pigment. 

Among the many apparatuses constructed for clinical purposes for the 
'quantitative estimation of haemoglobin, Fleischl^s luBmometer, which has 
undergone numerous moclifications, Henocque's hcBmatoscope, and Sahli’s 
hamometer are to be specially mentioned. In regard to these apparatuses, 
see V. Jaksch, Klinische Diagnostik innerer &anldieiteii, 4. Auflage, 1897, 
and Jaqijet, Korresp.-Blatt f. Schweiz. Aerzte, 1897; Gartnee, Munchener 
med. Wochenschr., 1901, and H. Sahli, Diagnostic Methods, Philadelphia, 
1905. ■ 

Many other pigments are found besides the often-occurring hasmoglobin 
in the blood of invertebrates. In a few Arachnidm, Crustacea, Gasteropodse, 
and Cephalopodie a body analogous to haemoglobin, containing copper, hcemo- 
cijanin, has been found by Fredericq. By the taking up of loosely bound oxygen 
this body is converted into blue oxyhmmocyanin, and by the escape of the oxygen 
becomes colorless again. According to Henze 1 gram hasmocyanin combines 
with about 0.4 c.c. oxygen. It is crystalline and has the following composition: 
C 53.66; H7.33; N 16.09; S0,86; CuO.38; 0 21.67 per cent. On hydrolytic 
cleavage with hydrochloric acid Henze found the followijig division of the nitro- 
gen in hsemocyanin : Of' the total nitrogen 5.78 per cent was split ofi as 
ammonia, 2.67 per cent as humus nitrogen, 27.65 per cent as diamino nitrogen, 
and 63.39 per cent as monamino nitrogen. He found no arginine in the cleavage 
products, but could detect histidine, lysine, tyrosine, and glutamic acid. A color- 
ing-matter called chlorocruorin by Lankester is found in certain Chaetopodse. 
Hcejnerythfin^ so called by Krukenberg but first observed by Schwalbe, is a 
red coloring-matter from certain Gephyrea. Besides haemocyanin we find in the 
blood of certain Crustacea the red coloring-matter tetronerythrin (Halliburton), 
which is also widely spread in the animal kingdom. Echinocliroinj so named 
by j\1acMunn,^ is a brown coloring-matter occurring in the perivisceral fluid of 
a variety of echinoderms. 

The quantitative constitution of the red blood-corpuscles. The amount 
of water varies in different varieties of blood-corpuscles bet^veen 570-644 
p. m., with a corresponding amount, 430-356 p. m., of solids. The chief 
mass, about dried substance consists of hemoglobin (in human 

and mammalian blood)., 

According to the analyses of Hoppe-Seyler ^ and his pupils, the red 
corpuscles contain in 1000 parts of the dried substance: 

Hsemoglobin Protein Lecithin Cholesteria 


Human blood 868-944 122-51 7: 2-3. 5 2.5 

Dog’s 865 126 5.9 3.6 

Goose’s 627 364 4.6 4.8 

Snake’s 467 525 


Abderhalden found the following composition for the blood-corpuscles 
from the domestic animals investigated by him: Water, 591.9-644.3 

^ Fredericq, Extrait des Bulletins de.FAcad. Roy. de Belgique (2), 46, 1878; Lan- 
kester, Journ. of Anat. and Physiol., 2 and 4; Henze, Zeitschr. f. physiol Chem., 33 
and 43; Krukenberg, see Vergl. physiol. Studien, Eeihe 1, Abfc. 3, Heidelberg, 1880; 
Plalliburton, Journal of Physiol, 6; MacMunn, Quart. Journ. Microsc. Science, 1885. 

2 Med.-cliem. Dnfcersuch., 390 and'393. , - ■ , ! I; ’ 
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vp;...' ixi.,;,.,soiidKS ,408 p. m.;* ligemogiobiii, .303.3-331.9 p. m. ; protein, 

5.32, (dog) -78.5 p., m. (sheep),;.' cliolesteriii,' 0.388' (liorse)-3.593 , p. in. 
' (sheep); and lecithin p2.296 (dog)-4.855 p. m. " 

Of special interest is the var}dng proportion of the hsemoglobm to the 
protein in the nucleated and in the non-niicleated blood-corpuscles. These 
last are much richer in hsemogiobin and poorer in protein than the others. 

The amount of mineral bodies in various species of animals is different. 
According to Bunge and Abderhalden the red corpuscles from the pig, 
horse, and ra]:)!.)it contain no soda, while those from man, the ox, sheep, 
goat, dog, and cat are relatively rich in soda. In the five last-mentioned 
species the amount of soda was 2.135-2.856 p. m. The quantity of potash 
was 0,257 (dog)-0.744 p. m. (sheep). In the horse, pig, and rabbit the 
cjuantity of potash was 3.326 (horse)~5.229 p. m. (rabbit). Human blood- 
coipuscles contain, according to Wanach, about five times as much potash 
as soda, on an average 3.99 p. m. potash and 0.75 p. m. soda. The nucleated 
erythrocytes of the frog, toad, and turtle contain, according to Bottazzi 
and Cappblli,^ also considerably more potassium than sodium. Lime is 
claimed to be absent in the blood-corpuscles, and magnesia occurs only 
in small amounts: 0.016 (sheep)-0.150 p. m. (pig). The blood-corpuscles 
of all animals investigated contain chlorine, 0.460-1.949 p. m. (both in 
horse), generally 1 to 2 p. m., and also phosphoric acid. The amount of 
inorganic phosphoric acid shows great variation: 0.275 (sheep)-1.916 p. m. 
(horse). All of the above figures are calculated on the fresh, moist blood- 
corpuscles. 

By quantitative determinations of the swelling and shrinking of the cells 
under the infiuence of NaCl solutions of various concentration or of serum of 
various dilutions, Hamburger has attempted to determine for the erythrocytes, 
as well as the leucocytes, the percentage relationship between the two chief con- 
stituents of the cells (the frame and the intracellular fluid). He found that the 
volume of the frame-substance for both varieties of blood-corpuscles of the horse 
was equal to 53-56.1 per cent. The volume for the red blood-corpuscles was 
for the rabbit 48.7-51; hen, 52.4-57.7, and for the frog, 72-76.4 per cent. 
Kobppe has raised objections to these determinations.^ 

The White Blood -corpuscles and the Blood-plates. 

The White Biood-corpuscies, also called Leucocytes or Lymphoid 
Cells, are of different kinds, and ordinarily we differentiate between the 
small forms poor in protoplasm, called lymphocytes, and the larger, 
granular, often more nucleated forms, called leucocytes. The polynuclear 
leucocytes occur in greater abundance in the blood than the lymphocytes. 

^ Bunge, Zeitschr. f. Biologie, 12, and Abderhalden, Zeitschr. f. physiol. Chem., 23 
and 25; Wanach, Maly's Jahresber., 18, 88; Bottazzi and Cappelh, Arch. ItaL de Biolo- 

2 Hamburger, Arch. f. (Anat. u.) Physiol., 1898; Koeppe, ihid., 1899 and 1900. 
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In human and mammalian blood, most of the white blood-corpuscies are 
larger than the red blood-corpuscles. They have also a lower specific 
gravity than the red corpuscles; move in the circulating blood nearer to 
the walls of the blood-vessels, and have also a slower motion. 

The number of white blood-corpuscles varies not only in the different 
blood-vessels, but also under different physiological conditions. On an 
average there is only 1 white corpuscle for 350-500 red corpuscles. Accord- 
ing to the investigations of Alex. Schmidt ^ and his pupils, the leucocytes 
are destroyed in great part on the discharge of the blood before and during 
coagulation, so that discharged blood is much poorer in leucocytes than 
the circulating blood. The correctness of this statement has been denied 
by other investigators. 

From a histological standpoint we generally, as above indicated, dis- 
criminate between the different kinds of colorless blood-corpuscles. 
Chemically considered, however, there is no known essential difference 
between them, and what little we do know" chemically is chiefly in con- 
nection with the leucocytes. With regard to their importance in the 
coagulation of fibrin, Alex. Schmidt and his pupils distinguish between 
the leucocytes which are destroyed in the coagulation and those which 
are not. The last mentioned give with alkalies or common-salt solutions 
a slimy mass; the first do not show. such behavior. 

The protoplasm of the leucocytes has during life amoeboid movements 
which serve partly to make possible the wandering of the cells, and partly 
to aid in the absorption of smaller grains or foreign bodies. On these grounds 
the occurrence of myosin in them has been admitted even without any 
special proof thereof. Alex. Schmidt claims to have found serglobuUn in 
equine-blood leucocytes wliich have been washed with ice-cold w^ater. 
There are also certain leucoc^des, as above stated, w^hich yield a slimy mass 
wlien treated with alkalies or NaCl solutions, which seems to be identical 
with the so-called hyaline substance of Rovida found in the pus-cells. On 
digesthig the leucocytes with water, a solution of a protein body is obtained 
which can be precipitated by acetic acid and which forms the chief mass of the 
leucocytes. Tliis substance, which is undoubtedly concerned in the coagu- 
lation of the blood, has been described under different names (see Chapter 
Ah page 141), and consists, chiefly, at least, of nucleoproteid. The ordinary 
view that this is nucleohistone does not. seem to be correct, according to the 
recent investigations of Bang,^ and further proof is necessary. 

Glycogen, as previously stated, is ; found in the leucocytes. The glyco- 
gen found by Huppert, Czerny, Dastre,^ and others in blood and lymph 


^ Pfiliger^s Arch., 11. Also Fr. Kruger, Arch- f. exp. Path. u. Pharm., 51. 

2 1. Bang, Stuclier over Nukleoproteider, Kristiania, 1902. , . , . . . . 

Huppert, Centraibl. f . Physiol, 6, 394; Czerny, Arch. f. exp. Path, u, Pharm., SI; 
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probabh" originated from tiie leucoeytes. A glucothionic acid lias ■ been 
prepared from white cells MANBEL.and LsvENEd The constituents ,, of 
the leucocytes are the same as the. constituents of the cell as described in. 
Chapter V. 

The blood-plates (B.izzozero).; hsematoblasts (Hayem), whose nature, 
preformed occurrence, and physiological importance have been much ques- 
tioned, are pale, colorless^ gumni}^' disks, round or somewhat oval in shape 
and generally with a diameter two or three times .smaller than the red 
blood-eorimscles. By the action of different reagents the blood-plates 
separate into two substances, one of which is homogeneous and non-refrac- 
tive, while the other is highly refractive and granular. BIood-]iiates 
readily stick together and attach themselves to foreign bodies. 

According to the researches of Kossel and of Lilienfbld ^ the blood- 
plates consist of a chemical combination between protein and niicicin, 
and hence they are also called mtclein-plates by Lilienfeld, and are con- 
sidered as derivatives of the cell nucleus. It seems certain that the blood- 
plates have some connection with the coagulation of blood. The views on 
this question and especially in regard to the manner in which these plates 
act in coagulation are unfortunately very divergent. 

m. THE BLOOD AS A MIXTURE OF PLASMA AND BLOOD-CORPUSCLES. 

The blood in itself is a thick, sticky, light or dark red liquid, opaque 
even in tliin layers, having a salty taste and a faint odor differing in differ- 
ent kinds of animals. On the addition of sulphuric acid to the blood the 
odor is more pronounced. In adult human beings the specific gravity 
ranges between 1.045 and 1.075. It has an average of 1.058 for grown 
men and a little less for women. Lloyd Jones found that the specific 
gravity is highest at birth and lowest in children when about two years old 
and in pregnant w^omen. The determinations of Lloyd Jones, Hammer- 
SCHLAG,® and others show that the variation of the specific gra\dty, depend- 
ent upon age and sex, corresponds to the variation in the quantity of 
haimogiobin. 

The determination, of the specific gravity is most accurately done by 
means of the pyknometer. Tor clinical purposes, where only small amounts 


Dastre, Compt. rend., 120, and Arch, de Physiol. (5), 7. See also Hirschberg, Zeitschr. 
f, klin. Med., 54. 

r Biochem. Zeitschr., 4. 

« in regard to the literature of the blood-plates, see Lilienfeid, Arch. f. (Anat. u.) 
Physiol., 1802, and ''Leukocyten und Blutgerinnung,^' Verhandl. d. physiol Geseilseh. 
zu Berlin, 1802; and also Mosen, Arch. f. (Anat. u,) Physiol., 1893, and Maly’s Jahres- 

' * Lloyd Jones, Journ. of Physiol, .8; Hammerschlag, Wien. klin. Wochensclirift, 
1890, and Zeitschr f. klin. Med., 20 . ' 
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are available, it is best to proceed with the method as suggested by FLui- 
MERSCHLAG. Prepare a mixture of chloroform and benzene of about 1.050 
sp. gr. and add a drop of the blood to this mixture. If the drop rises to 
the surface then add benzenO; and if it sinks add chloroform. Continue 
this until the drop of blood suspends itself midway and then determine 
the specific gravity of the mixture by means of an areometer. This method 
is not strictly accurate and must be performed quickly. In regard to the 
necessary details refer to Zuntz and A. Levy.^ 

The reaction of the blood is alkaline towards litmus. The quantity of 
alkali, calculated as Na 2 C 03 , m fresh, non-defibriiiated blood from the 
dog, horse, and man, is, according to Loewy, 4.93, 4.43, and 5.95 p. m. 
respectively. According to Strauss the average for normal human blood 
may be calculated as about 4.3 p. m. Na 2 C 03 . Quantities below 3.3 p. m. 
and above 5.3 p. m. are, according to him, to be considered as pathological, 
V. Jaksch found the quantity of alkali in man to var}^ between 3.38 and 
3.90 p. m., and Brandenburg found 3 p. m. NaOH(=3.98 p. m. Na 2 C 03 ). 
The alkaline reaction diminishes outside of the body, and indeed the more 
quickly the greater the original alkalinity of the blood. This depends on 
the formation of acid in the blood, in which the red blood-corpuscles seem 
to take part in some waj^ or another. After excessive muscular activity 
the alkalinity is diminished (Peiper, Cohnstein), and it is also decreased 
after the continuous ingestion of acids (Lassar, Freudberg^). Numerous 
investigations have been made in regard to the alkalinity of the blood in 
disease, but as there is at present no trustworthy method for estimating 
the alkalinity of the blood, and as the results are dependent upon the 
indicator used, these investigations, as also the statements in regard to 
the physiological alkalinity, require further substantiation.^ Attention 
must also be called to what was stated (page 191) in regard to the determina- 
tion of the alkalinity of blood-serum — that determinations are made only 
of the titratable alkali and not of the true alkalinity caused by hydroxyl 
ions. 

The alkali of the blood exists in part as alkaline salts, carbonate and 

* Znntz, Pfliiger’s Arch., 6G; Levy, Proceed. Eoy. Soc., 81, 

^ Loewy, Pfliiger’s Arch., 58, which also contains the references to the literature; 
II. Strauss, Zeitschr. f. klin. Med., 30; v. Jaksch, ibid., 13; Peiper, Virchow’s Arch., 
IIG; Cohnstein, ibid,, 130, which also cites the works of Minkowski, Zuntz, and Gep- 
pert; Freudberg, 125. See also Weiss, Zeitschr. f. physiol. Chem., 38; Branden- 
burg, Zeitschr f. klin. Med., 45. 

® In regard to the methods for the estiniation of the alkalinity see, besides the 
above-mentioned authors, v. Jaksch, Klin. Diagnostik; v. Limbeck, Wien. med. 
Blatter, 18; Wright, The Lancet, 1897; Biernacki,. Beitrage zur Pneumatologie, etc., 
Zeitschr. f. klin. Med , 31 and 32; Hamburger, Fine Methode zur Trennung, etc,. 
Arch. f. (Anat. u.) Physiol, 1898. See also Maly’s Jahresber., 29, 30, and 31; 
Salaskin and Pupkin, Zeitschr. f., physiol. Chem., 42, and O. FoHn, 43. 
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phosphate^ and partly in combination with protein or Imnoglobin. The 
first are often spoken of as readily diffusible alkalies^ while the others are 
not, or are only diffusible mth difficulty (see page 187). The quantity 
of the first in human blood is about one fifth of the total alkali (Branden- 
burg). The readily as well as the difficultly diffusible alkali is divided 
between the blood-corpuscles and plasma, and the blood-corpuscles seem 
to be richer in difficultly diffusible alkali than the plasma or serum. This 
division may be changed by the influence of even very small amounts of 
acid, even of carbonic acid, and also, as shown by Zuntz, Loew^y and 
ZuxTz, Hamburger, Limbeck, and GuRBERd by the influence of the respir- 
atoiy exchange of gas. The blood-corpuscles' give up a part of the alkali 
united with protein to the serum by the action of carbon dioxide, hence 
the serum becomes more alkaline. The equilibrium of the osmotic tension 
ill the blood-corpuscles and in the seram is hereby destroyed: the blood- 
corpuscles swell up because they take up w^ater from the serum, and this 
then becomes more concentrated and richer in alkali, protein, and sugar. 
Under the influence of oxygen, the corpuscles take their original form 
again and the above changes are reversed. The blood- corpuscles for this 
reason are less biconcave in their small diameter in venous than in arterial 
blood (Hamburger). 

These conditions have been further studied by v. Koranyi and Bence^ 
and they have investigated the relationship betw^een the changes of the 
volume of the blood-corpuscles and the electrical conductivity, the refrac- 
tmty of the serum and the viscosity of the blood. The refraction coefficient 
of the seium is highest with, an increase in the amount of carbon dioxide, 
while it is low^est when the blood is rich in oxygen and poor in carbon 
dioxide. They consider this as an action of acid, as a similar rise is observed 
after the addition of acid, while after the addition of alkali a fall in the 
refraction coefficient of the serum takes place, and these same changes can 
be brought about by CO 2 or by a current of oxygen. With an increase in 
the amount of carbon dioxide, the conductivity of the blood diminishes; the 
viscosity is, on the other hand, highest when the blood is richest in carbon 
dioxide. If the CO 2 is driven off by O the viscosity diminishes to a mini* 
mum, and on leading in more oxygen it rises again. The changes in vis^ 
cosity of the blood run parallel with the volume changes of the blood-cor- 
puscles, and changes in the viscosity, which can be brought about by the 
removal of carbon dioxide, cause a change in the electric charge of the 
blood-corpuscles (v. Koranyi and^BENCs). 

in Hermami^s Handbueh der , Physiol, 4, Abt. 2; Loewy and Zuntz, 
Pfiuger^s Arch., 58; Hamburger, Arch. f. (Anat. u.) Physiol, 1894 and 1898, and 
Zeitschr. f. Biologic, 28 and So; v. Limbeck, Arch I. exp. Path, u, Pharm., 35; Gurber, 
Sitzimgsber. d. phys. med. Gesellsch zu Wurzburg, 1895. 


COAGULATION; .OF THE BLOOD. 


225 


, The color, of the blood .is red — light scarlet-redjn the . arteries and dark 
bluish red ill the veins. Blood free from oxygen is dichroitic,. dark, red, 
■by re.flected light and green by transmitted light. The blood-coloring 
matters occur in the blood-corpuscles. For this, reason blood is opaque, in 
thin layers. If the ,ha3mogiobm is removed from the stroma and dissolved 
by the, blood liquid by any of the above-mentioned means (see page 193)*. 
the blood becomes transparent and has then a ^Hahe color Less light 
,is now, reflected from its interior, .and this laky blood is therefore darker 
in thicker layers. On the addition of salt solutions to the blood-corpuscles 
they shrink, more light is reflected* and the color appears lighter, A great 
abundance of red corpuscles makes the blood darker, while by diluting 
with serum or by a greater abundance of white corpuscles the blood 
becomes lighter in appearance. The different colors of arterial and of 
venous blood depend on the var^ung quantities of gas contained in these two 
varieties of blood* or, better, on the different amounts of oxylisemoglobin 
and hajmoglobin they contain. 

The most striking property of blood consists in its coagulating within a 
shorter or longer time, but as a rule very shortly after leaving the veins. 
Different kinds of blood coagulate with varying rapidity; in human blood 
the first marked sign of coagulation is seen in two to three minutes, and 
within seven to eight minutes the blood is thoroughly converted into a 
gelatinous mass. If the blood is allowed to coagvilate slowly, the red cor- 
puscles have time to settle more or less before the coagulation* and the blood- 
clot then shows an upper yellowish-gray or reddish-gray layer consisting 
of fibrin enclosing chiefly colorless corpuscles. This layer has been called 
crusta inflammatona or phlogistica^ because it has been especially observed 
in inflammatory processes and is considered one of the characteristics of 
them. This crusta, or huffy coatf^ is not characteristic of any special 
disease and it occurs chiefly when the blood coagulates slowly or when 
the blood-corpuscles settle more quickly than usual. A buffy coat is often 
observed in the slowly coagulating equine blood. The blood from the 
capillaries is not supposed to have the power of coagulating. 

Coagulation is retarded by cooling, by diminishing the oxygen, and by 
increasing the amount of carbon dioxide, which is the reason that venous 
blood and to a much higher degree blood after asphyxiation coagulates 
more slowly than arterial blood. The coagulation may be retarded or 
prevented by the addition of acids, alkalies* or ammonia, even in small 
quantities; by concentrated solutions of neutral alkali salts and alkaline 
earths, alkali oxalates and fluorides; also by egg-albumin solutions of 
sugar or gum, glycerine, or much water; also by receiving the blood in 


Du Bois-Eeymond presents objections to the general use of the above terms 
in CentralfoL £ Physiol.* 19, p. 65. 
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oil. Coagulation ma}- prevented by the injection of a proteose solution 
or of an iiifiision of the leech into the circulating blood, but this infusion 
also acts in the same way on blood just drawn. Coagulation is also hindered 
by snake poison and toxines (see page 171). The coagulation may be 
facilitated by raising the temperature; by contact with foreign bodies, to 
which the blood adheres; by stirring or beating it; by admission of air; 
by diluting with very small amounts of water; by the addition of piatinum- 
black or foieiy powdered carbon; by the addition of laky blood, which 
does not act by the presence of dissolved blood-coloring matters, but by 
the stromata of the blood-corpuscles; and also by the addition of the 
leucocytes from the lymphatic glands, or of a watery saline extract of the 
lymphatic glands, testicles, or thymus and various other organs (Dele- 
ZENXE, Wright, ilRTHUS,^ and others). 

An important question to answ^er is why the blood remains fluid ,in the 
circulation, while it quickly coagulates when it leaves the circulation. The 
reason why blood coagulates on leaving the body is therefore to be sought 
for in the influence which the wails of the living and uninjured blood- 
vessels exert upon it. These views are derived from the observations 
of many investigators. From the observations of Hewson, Lister, and 
Fredericq, it is known that when a vein full of blood is ligatured at the^ 
two ends and removed from the body, the blood may remain fluid for a 
long time. Brucke^ allowed the heart removed from a tortoise to beat 
at 0°C., and found that the blood remained uncoagulated for some days. 
The blood from another heart quickly coagulated when collected over 
mercury. In a dead heart, as also in a dead blood-vessel, the blood soon 
coagulates, and also when the walls of the vessel are changed by patho- 
logical processes. 

What then is the influence which the walls of the vessels exert on the 
liquidity of the circulating blood? FtoiJND has found that the blood 
remains fluid when collected by means of a greased canula under oil or in a 
vessel smeared with vaseline. If the blood collected in a greased vessel be 
beaten with a glass rod previously oiled, it does not coagulate, but it 
quickly coagulates on beating it mth an unoiled glass rod or when it is 
poured into a vessel not greased. The non-coagulability of blood collected 
under oil was confirmed later by Haycraft and Carlier. Freund found 
on further investigation that the evaporation of the upper layers of 
blood or their contamination with small quantities of dust causes a coagu- 

' Deiezenne, Arch, de Physiol. (5), S; Wright, Journ. of Physiol., 28; Arthus, Joura. 
de Physiol, et Pathol. , 4. 

“ Hewson’s works, edited by GuiEver, London, 1876, cited from Gamgee, Text- 
book of Physiol. Cliem, 1, 1880; Lister, cited from Gamgee, ibid.) Fredericq, 
Reeherehes sux la constitution du plasma sanguin, Gand, 1878; Briioke, Virchow’s 
Arch., 12. ■ ■ • ■ . , . . 
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lation even in a, vessel treated vaseline.- • .iiccordiiig to Fkeuni)^ it 
is tMs adhesion between the blood or, as the blood shows an adhesion to 
the normal vessel wails (Benno Lewy), between its form-elements and' a 
foreign substance — and the diseased walls of the vessel also act as sncli — 
that gives the impulse towards coagulation, while the lack of adhesion 
prevents the blood from coagulating. Bordet and Gengou^ have also 
shown that the plasma obtained by centrifuging blood collected in a paraf- 
fined vessel, and perfectly free from form-elements, can be kept without 
coagulating in a paraffined vessel, and that it does coagulate on bemg trans- 
ferred to an unparaffined vessel. The adhesion of the plasma to a foreign 
body may also, in the absence of form-elements, give the impulse to coagu- 
lation. That this adhesion of the form-elements is of great importance 
cannot be denied and is also generally accepted. By tliis adhesion the 
form-elements undergo certain changes which seem to stand in a certain 
relationship to the coagulation of the blood. , 

The views in regard to these changes are, unfortunately, very contra- 
dictor;y. According to Alex. Schmidt^ and the Dorpat school an 
abundant destmction of the leucocytes, especially polynuclear leucocytes, 
takes place in coagulation and important constituents for the coagulation 
of the fibrin pass into the plasma. A direct relationship between the de- 
struction of leucocytes and coagulation is denied by many investigators, 
while according to other experimenters the essential is not a destruction 
of the leucocytes, but an elimination of constituents from the cells into 
the plasma. This process is called j^lasmoschisis by Lowit.*^ The passage 
of cell constituents into the plasma before coagulation must not neces- 
sarily be considered as a phenomenon of death, as it may just as well be 
a secretory process (Arthus, Morawitz, Dastre^). Great importance 
has also been ascribed to the blood-platelets in coagulation, as certain 
investigators (Bizzozero, Lilienfeld, Schwalbe, Morawitz, Burker) 
have found that they cause or accelerate coagulation, while others (Petrone) 
on the contrary find a retarding action.^ 

^ Freund, Wien. med. Jahrb., 1886; Haycraft and Carlier, Journ. of Anat. and 
Physiol., 22; Benno Lewy, Arch. f. (Anat. u.) Physiol., 1899, SuppL 
2 Annal. de ITnstitute Pasteur, 17. 

^ Plluger^s Arch., 11. The works of Alex. Schmidt are found in Arch. f. Anat. 
und Physiol,, 1861, 1862; Pfliiger's Arch., 6, 0, 11, 13. See especially Alex. Schmidt, 
Zui Biutlehre (Leipzig, 1892), which also gives the work of Ms pupils, and Weitere 
Beitrage zur Biutlehre, 1895. 

^Wien. Sitzungsber., S9 and 90, and Prager med, Wochenschr., 1889. referred 
to in Centraibi. L d. med. Wissensch., 28, 265. • 

® Morawitz, Hofmeister^s Beitrage, 5; Arthus, Compt. rend. soc. biolog., 55; Dastre, 
ihid,^ 55. ■ • , , ^ 

^ See foot-note 2, p. 222. , Also Schwalbe, Unters. z. Blutgerinnung, etc., Braun- 
schweig, 1900; Morawitz, Deutsch. Arch, f. klin. Med., 79, and Hofmeister’s , Beitrage, 

4 and 5, Biirker, PfiiigePs Arch., 102, , Petrone, Malyhs Jahresber., 31, pi. 170, 
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WooLDEiBGE ^ takes a 'very peculiar position in regard to _tliis . question: 
he . considers the foriii-elements as only of secondary importance in coagulation. 
As he has found, a .peptone-plasma which 'has. been freed from all form-cori- 
stitucnts by means of, centrifugal force yields abundant fibrin when it is not 
separated from a .substance 'which precipitates on cooling. This substance,' 
■which Wooldridge has called A-fibrinogen, seems to ail appearances to be a 
nueleoproteid, which,' according to the unanimous view of several investigators, 
originates from the form -elements of the blood, either the blood-plates or the 
leucocytes, and the generally accepted view as to the great importance of the 
form-elements in the coagulation of the blood is not really contrary to Wool- 
dridge’s experiments. 

The views are greatly divided in regard to those bodies which are elim- 
inated from the form-elements of the blood before and during coagulation. 

According to Alex. Schmidt the leucocytes, like all cells, contain two 
chief groups of constituents, one of which accelerates coagnilation, while the 
other retards or hinders it. The first may be extracted from the cells by 
alcohol, while the other cannot be extracted. Blood-plasma contains only 
traces of thrombin, according to Schmidt, but does contain its antecedent, 
prothrombin. The bodies which accelerate coagulation are neither thrombin 
nor prothrombin, but they act in this wise in that they split off thrombin 
from the prothrombin. On this account they are called zymoplastic sub- 
stances hj Almx. Schmidt. The nature of these bodies is unknown, and 
Schmidt has given no notice of their behavior with the lime salts, which 
have been found to have zymoplastic activity by other investigators. 

The constituents of the cells which hinder coagulation and which are 
insoluble in alcohol-ether are compound proteids and have been called 
cytogldbin and preglohulin by Schmidt. The retarding action of these 
bodies may be suppressed by the addition of zymoplastic substances, and 
the yield of fibrin on coagulation in this case is much greater than in the 
absence of the compound proteid retarding coagulation. This last supplies 
the material from which the fibrin is produced. The process is, according 
to Schmidt, as follows: The preglobulin first splits, yielding serglobulin, 
then from this the fibrinogen is derived, and from this latter the fibrin is 
produced. The object of the thrombin is twofold. The thrombin first 
splits the fibrinogen from the paraglobulin and then converts the fibrinogen 
into fibrin. The assumption that fibrinogen can be split from paraglobulin 
has not sufficient foundation and is even improbable. 

According to Schmidt the retarding action of the cells is prominent 
during life, while the accelerating action is especially pronounced outside 
of the body or by coming in contact with foreign bodies. The parenchy- 
mous masses of the organs and tissues, through which the blood flows in 
the capillaries, are those cell-masses which serve to keep the blood fluid 
during life. 

^ Die Gerinnung des Blutes (published by M. v. Frey, Leipzig, 1891 ). 
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Lilienfelb lias given further proof as to the occurrence in the form- 
elements of the blood of bodies which accelerate or retard the coagulation. 
According: to this author the nature of these bodies is very markedly differ- 
ent from ScIiMIDT^s idea. While; according to Schmidt^ the coagulation 
accelerators are bodies soluble in alcohol; and the compound proteids 
exhausted with alcohol act only retardingiy on coagulation; Lilienfeld 
states that the substance which acts acceleratingiy and retardingiy on 
coagulation consists of a nucleoproteid, namely, niicleohistone. Nueleo- 
histone readily splits into leuconuciein and histone, the first of which acts 
as a coagulation-excitant, while the other, introduced into the blood-vascular 
system, either intravascular or extravascular, robs the blood of its property 
of coagulating. Introduced into the circulatory system the niicleohistone 
splits into its two components. It therefore causes extensive coagulation 
on one side and makes the remainder of the blood uncoagulable on the 
other. This theory as wnll as that of Schmidt is not based upon sufficiently 
positive facts. 

Brucke showed long ago that fibrin left an ash containing calcium 
phosphate. The fact that calcium salts may facilitate or even cause a 
coagulation in liquids poor in ferment has been laiown for several years 
through the researches of Hammarsten, Green, Ringer and Sainsbury. 
The necessity of the lime salts for the coagulation of blood and plasma w-as 
first shown positively by the important investigations of Arthus and 
Pages: Recent investigations of Sabbatani ^ have also shown the impor- 
tance of calcium salts or the free calcium ions for coagulation without 
explaining the mode of their action. 

According to the generally accepted view of Arthus and Pages the soluble 
lime salts precipi table by oxalate are necessary requisites for the fermentive 
transformation of fibrinogen, because thrombin remains inactive in the absence 
of soluble lime salts. This view^ is untenable, as shown by the researches of 
Alex. Schmidt, Pekblharing, and Hammarsten.^ Thrombin acts as well in 
the absence as in the presence of precipitable lime salts. 

Liltenfeld^s theory that the leuconuciein splits off a protein substance, 
thromhosin ^hom the fibrinogen, and that this thrombosin forms an insoluble com- 
pound with the lime present, producing thrombosin lime (fibrin), which separates, 
is incorrect according to Hammarsten, Schafer, and Cramer.® Lilienfeld’s 
thrombosin is nothing but fibrinogen which is precipitated by a lime salt from a 
salt-poor or salt-free solution. 


* Hammarsten, Nova Acta reg. Soc. Seient. UpsaL (3), 10, 1879; Green, Jouni. of 
Physiol., 8; Ringer and Sainsbury, 11 and 12; Arthus et Pages and Arthus, 
see foot-note 4, p. 171; Hammarsten, Zeitschr. f, physiol. Chem., 22; Sabbatani, 
cited, Centralbl. f. Physiol., 16, 665. 

^Hammarsten, Zeitschr., f. physiol. Chem., 22, where the other investigators are 
, cited. 

® Hammarsten, 1. c.; Schafer, Journ. of Physiol., 17; Cramer, Zeitschr. f. physiol. 
Chem., 23. 
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According to' P ekelhaeinG'^ thrombin is the lime compound of pro- 
tlivombiiij and the process of coagulation consists, according to him, in 
the thrombin transferring the limeTo the fibrinogen, which is hereby con- 
verted in to. an insoluble lime compound, fibrin. Of the objections to this 
theory , can be mentioned, , among others, the fact that fibrin has been 
obtained, not absolutely free from lime, -but still so poor in lime (Hammab- 
srEN^). that if the lime belongs to the fibrin, its molecule must be more 
than ten times greater than the hemoglobin molecule, which is not prob- 
able. These as well as man}^ other observations indicate that the lime 
^ is carried down by the fibrinogen only as a contamination. 

If, as it seems, the lime is not of importance in the transformation of 
fibrinogen into fibrin hi the presence of thrombin, still this does not con- 
tradict the above-mentioned observations of Arthus and Pages that the 
lime salts are necessaiy for the coagulation of blood and plasma. It is veiy 
probable that the lime salts, as admitted by Pekelharin-g, are a necessary 
recpiisite for the transformation of prothrombin into thrombin. 

If we attempt to summarize the more or less contradictory investiga- 
tions and views as given in the preceding pages, we can consider the follow- 
ing facts as conclusive: In the first place, two bodies, the fibrinogen and 
the thrombin, are necessary for the coagulation. The fibrinogen exists 
preformed in the plasma. The thrombin, on the contraiy, does not occur 
in living blood, at least not in appreciable amounts as such, but is formed 
from another substance, the prothrombin. The presence of calcium salts 
is necessary for the formation of this thrombin, while the calcium salts 
are not necessar}’’ for the enzymotic transformation of fibrinogen into fibrin. 
Besides the calcium salts also other substances, the zymoplastic active 
substances, are active in the formation of thrombin from its mother- 
substance, and these zymoplastic substances stand in some relation to 
the form-elements of the blood. 

The formation of thrombin and the relationship of the form-elements 
therewith are still unexplained or disputed questions. 

It is a question whether the mother-substance of thrombin exists in 
the plasma of the circulating blood or whether it is a body eliminated from 
the form-elements before coagulation. We have two contradictory views 
on this question, namely, those of Alex. Schmidt and of Pekelharing. 
According to Schmidt prothrombin occurs preformed in the circulating 
plasma, and it is transformed into thrombin by the zymoplastic substances 
which pass out from the form-elements. Pekelharixg, on the contrary, 
holds the view that the plasma, does not contain appreciable amounts 
of prothrombin.; This body, according to him, passes before coagulation 

^ See foot-note 6, p. 175, and especially Virchow^s Festschrift, 1, 1891. 
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from the form-elements into the plasma, and is there converted into thrombin 
by the calcium salts. The observation that imcoagulated leech-plasma 
does not coagulate on the addition of calcium salts, while it does coagulate 
on the addition of prothrombin solutions, seems to support this view; still 
it is not quite conclusive. Leech-extract contains a body, hirudin, which, 
according to Morawutz, is an antibod\- towards thrombin and qiianti- 
taTi\'ely neutralizes it. On the addition of prothrombin, new thrombin 
may be formed, which may act if the hirudin is not present in too great an 
excess. • ' 

The belia\ior of sodium-fluoride plasma shows more conclusively the 
absence of protlirombm in the circulating plasma. Such plasma, according 
to An, THUS, contains no prothrombin, a statement which has been partly 
substantiated by ]\1oeavutz, who finds that fluoride-plasma contains more 
or less protliromljin, dependent upon the greater or less change the blood 
undergoes before it flows into the sodium-fluoride solution. One can 
obtain, according to ]\Iorawitz, at least sometimes, a fluoride-plasma 
which contains no prothrombin. The observations of Fuld and of Schit- 
TENHELM and Bodong contradict the statement that fluoride-plasma 
contains prothrombin. As Bordet and Gengou ^ have shovm that pro- 
thrombin can be carried down by the precipitate produced in fluoride- 
plasma, it seems as if the observations of Arthus and ^Morawitz on this 
point are not conclusive, and it is probable that all plasma contains pro- 
thrombin. The absence of prothrombin, as observed by Arthus, in 
peritoneal transudates in the horse, can hardly be considered as sufficient 
evidence as to the occurrence of this body in blood-plasma. 

The unsettled condition of the question of the zymoplastic substances 
has recently been somewhat enlightened, and the starting-point in these 
new investigations is the accelerating action upon coagulation, of different 
tissue extracts, an action which has been known for a long time and was 
especially studied by Delezenxe on the plasma from bird^s blood. The active 
constituent of these tissue extracts is called ihromhoJcinase by IMorawitz, 
and, according to him, this thrombokinase is necessary, besides lime-salts, for 
the transformation of prothrombin {tliromhogen according to Morawitz). 
The production of thrombokinase is, according to Morawitz, a general 
propert}^ of the protoplasm and occurs also in the leucocytes. The throm- 
bokinase of drawn blood originates in birds and in part in mammals from 
the leucocytes. In mammalian blood the blood-plates are the essential 
source. For the formation of thrombin three different substances are 

^ Arthus, Journ. de Physiol, et Pathol., 3 and 4, and Compt. rend. soc. bioL, 66. 
The works of Morawitz may be found in HofmeistePs Beitriige, 4 and 6, Deutseh. 
Arch. f. klin. Med., 79 and 80, and CentralbL f. Physiol., 17, p. 529; with Spiro, Hof- 
meistePs Beitragc, 5; Sehittenhelm and Bodong, Arch. f. exp. Path, u, Pharm., 64; 
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necessar^^ .according to ]\Iora.witz,. namely, 'thrombogen, thrombokinase^ 
and lime-salts; ^ is, according to Morawitz, not quite' 

identical' witli tbe pro thrombin (other investigators), which, he calls a-pro- 
thrombin, but is a mother-substance of the same. The process of thrombin 
formation can be given as follows: the kinase first transforms the throm-' 
bogen into a-pro thrombin, which latter then is converted into thrombin 
(a),, by the lime-salts.^ 

Thrombokiiiase is precipitated by alcohol and is not resistant towards 
heat. It therefore cannot be identical with Schmidt's zymopl as tic sub- 
stances, and this point requires further elucidation. The thrombokinase 
also does not occur to any appreciable extent in the circulating blood. 
The accelerating action upon coagulation of tissues or parts of tissues de- 
pends, as above stated, upon their content of kinase; but it also in part 
depends upon the fact that the tissue fluids excite the secretory activity 
of the form-elements. 

Fxjld ^ has arrived at about the same results independently of Moba- 
wiTz, but he has selected other names. The three substances thrombogen, 
kinase, and thrombin are called by him plasmozym, cijtozijm, and holozym. 
The chief reason why circulating blood remains fluid is, according to 
Fuld, because the cytozym is only slowly formed therein and the ferment 
(holozym) produced thereby is in an inactive form. Another reason is that 
the blood contains an antibody for the fibrm ferment. The assumption 
of the presence of an antibody, generally antithrombin, in the circulating 
blood, which retards coagulation, does not only seem to be probable, but 
recently Pxjgliese ^ has isolated an antithrombin from blood and tissues. 

A serum poor in ferment and having a weak action can be reactivated by the 
addition of acid or alkali (Alex. Schmidt, Morawitz), and in this action, accord- 
ing to Morawitz, a thrombin (/9) is produced which is somewhat different from 
<x-thrombin. The /?-thrombin is produced from a special /5-prothrombin which never 
occurs in the plasma, but only in the serum. Fuld explains this by the state- 
ment that the a-tlirombin is changed in the serum into metazym (/5-prothrombin), 
which is then transformed by the alkali or acid into neozym (-/5-thrombin). 

L. Loeb,^ who has also conducted extensive investigations on the coagu- 
lation of the blood, ascribes, like other investigators, a great importance 
to the bodies existing in the tissue, which accelerate coagulation, and to 
which he gives the name tissue coagulins. These coagulins are indeed not 
identical with the coagulins of the blood-clot or the blood-serum, but, like 
these, act directly upon fibrinogen. Under favorable conditions the com- 
bined action of blood and tissue coagulins may be greater than the sum 


' CentralbL f. Physiol,, 17. Bee also Fuld' and Spiro, Hofmeister's Beitrage, 5. 

^ Journ. de Physiol., 7. 

®The work of Loeb may be found in Medical Hews, New York, 1903. Virchow^s 
Arch., 17S, and Hofmeister's Beitrage, V;"\ 
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of the individual actions. He explains this by stating that an activation 
takes place by means of a kinase; still, though this is possible, he has not 
proved it. 

The coagulins of the blood are, according to Loeb, different from the tissue 
eoaguliiis. The first show no specific action, i.e., not between invertebrates and 
vertebrates. The tissue coagulins, on the contrary, have by their action upon the 
blood a certain specificity, at least in animals widely separated from one another. 

Based upon recent investigations, a short summary of the coagulation 
of the blood would be as follows: In the circulating blood-plasma there 
occur fibrinogen, lime salts, and probably also prothrombin. On account 
of the continued destruction of small amounts of form-elements, probably 
small quantities of thrombin are formed, which is destroyed or made 
inactive by the simultaneous presence of antithrombin. The reason why 
the blood remains fluid in life lies in. the lack of thrombin. Under the 
influence of foreign bodies or of chemical irritants within or outside of 
the body the form-elements of the blood are incited to an increased secretory 
activity, and from them (perhaps also from the leucocytes in ovipara or 
from the leucocytes but chiefly from the blood-plates in mammalia) an 
abundance of kinase passes into the plasma. By this (as well as by the 
action of tissue fluids outside of the body) the thrombogen is transformed 
into m-pro thrombin, which is changed by the lime salts into thrombin 
(a-thrombin). The latter transforms the fibrinogen into fibrin. 

The bodies accelerating coagulation, like the tissue extracts and the 
lime salts, act upon the formation of thrombin. The mode of action of 
gelatine, if it has any accelerating action at all, is not known. The bodies 
retarding coagulation may in certain cases act directly upon the blood, 
either, like the neutral salts, retarding the development of the thrombin, 
or, like the oxalate or fluoride, preventing the same; or like the hirudin,^ 
which, as an anti thrombin, makes the thrombin inactive; or like the cobra- 
poison, which acts like an antikinase. In other cases they may have an 
indirect action, for they may, like the proteoses and others, cause the 
body to produce special bodies which stand in close relation to intra- 
vascular coagulation. 

Intramscular Coagulation, It has been shown by Alex. Schmidt and 
Ms students, as also by Wooldridge, Wright,^ and others, that an intra- 
vascular coagulation may be brought about by the intravenous injection 
into the circulating blood of a large quantity of a thrombin solution, as 
also by the injection of leucocytes or tissue fibrinogen (impure nucieopro- 


^ The action of hirudin is somewhat doubtful. See Schittenhelni and Bodong, Lc. 

^ A Study of the Inti’avascular Coagulation, etc., Proceed, of the Hoy. Irish Acad. 
(3), 2. See also Wright, Lecture on. Tissue or Cell Fibrinogen, The Lancet, 1892; 
and Wooidridge^s Method of Producing Immunity, etc,, Brit, Med. Journal, Sept., 1891. 



. 234 , 


THE BLOOD. 


teid). . Intravascular coagulation' be brought about,; also, under other 
coFiditionSj such as after the injection of snake“poiso.n (Martin ^ and others) 
or'eertain of the proteid-like colloid substances, . synthetically prepared 
according to Grimaux’s method (Halliburton and Pickering^). If too 
little of the above-mentioned bodies be injected, then we observe only a 
marked retarding tendency in the coagulation of the blood. According to 
Wooldridge it can generality be maintained that after a short stage of 
accelerated coagulability, which may lead to a total or partial intravascular 
coagulation, a second stage of a diminished or even arrested coagulability 
of the blood follows. The first stage is designated (Wooldridge) as the 
positive and the other as the negative phase of coagulation. These state- 
ments have been confirmed by several investigators. 

There is no doubt that the positive phase is brought about by an abun- 
dant introduction of thrombin, or by a rapid and abundant formation of 
the same. The explanation of the production of the negative phase, wMch 
can easily be brought about by pepsin proteoses, by various bodies such as 
extracts of crabs^ muscles and other organs, eel-serum, enzymes, bacterial 
toxines, snake-poisons, etc., has been attempted in different "ways. The 
best studied is the -action of proteoses, but no conclusive results have 
been obtained thus far. The assertion of Picx and Spiro that the action 
of the proteoses does not depend upon the proteoses themselves, but upon 
a contaminating substance, ihB protozym, has been shown to be incorrect 
by Underhill. The bodies retarding coagulation obtained by Conradi^ 
im autolysis, which are probably anti thrombins, seem to act in a different 
w^ay from the proteoses, and cannot for the present be made use of in ex- 
plaining this question. 

There are a large number of researches on the action of proteoses and 
of other retarding substances by different investigators, such as Grosjean, 
Ledoux, Conte jean, Dastre, Floresco, Athanasiu, Carw'allo, Gley, 
Pachon, Spiro and Ellinger, Fuld and Spiro, Mora witz and Nolp, but 
those of Delezenne ^ are of the greatest importance. We can say with 
certainty that the action is indirect and that the liver, and perhaps also the 
leucocytes and vessel walls (Nolp), are important for the process. The 

* Joum. of Physiol., 15. 

^ Ibid., IS. 

^ Pick and Spiro, Zeitschr. f. physiol. Chem., SI; Conradi, Hofmeister's Beitrage, 1. 
See also Lnderhili, Ainer. Joum. of Physiol,, 9. 

Grosjean, Travaux du laboratoire de L Frederi^^q, 4, Lilge, 1892; Ledoux, ibid,, 
5, 1896; Noit, Bull FAcad. roy. de Belgique, 1902 and 1905, and Biochem. CentralbL, S; 
Spiro and Ellinger, Zeitschr. f. physiol. Chem., 28; Fuld and Spiro, 1. c.; Morawit^, 
1. c. The works of the above-mentioned French investigators can be found in Compt. 
rend. soc. bioL, 46, 47, 48, 50, and 51, and Arch, d. Physiol. (5), 7, 8, 9, and 10; see 
also especially Delezenne, Arch. d. Physiol. (5), 10; Compt, rend, soc. bioL; 51, and 
Compt, rend., 180. 
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Teasoxi-S for the .noB'-coagulability of .'^peptone blood'^t are of two kinds : firsts . 
this blood contains an antithrombin, and, secondly, the thrombin for inex- 
piicabie. reasons is absent, although such blood seems to contain thro'mbogen 
as well as kinase. The reason for the insufficient formation of, thrombin 
is uiiknom, and only a few observations have been collected on the forma- 
tion of,, antithrombin. According to NoLF,,the peptone (more : co,rrectly 
/the proteoses) causes' an alteration in the, leucocytes and the walls of the 
vessels/and a substance is secreted which brings about in the liver the 
formation of antithrombin. According to Delezenne, the proteoses bring 
about a destruction of leucocytes, and thereby a substance accelerating 
coagulation and another having a retarding action are set free. The first 
is destroyed by the liver, and hence the action of the retarding substance 
(the antithrombin) is obtained. The only thing that is positively proven 
is the part taken by the liver in this retardation of coagulation, as shown 
by Gley and Pachon; the non-appearance of the thrombin formation is 
rot explained by the above theories. 

The coagulation of the blood of lower animals may be of two kinds, according 
to L. Loeb.^ a partial agglutination of the blood-ceils may take place, and this 
kind of coaguigtion is the only kind in certain animals; but a true coagulation 
of fibrinogen may also take place. This latter coagulation is essentially the same 
as occurs in vertebrates, and here also an action of kinase (coagulin) upon throm- 
bogen takes place. 

The non-coagulability of cadaver blood depends usually, according to Mora- 
upon the fact that it contains no fibrinogen, due to a fibrinolysis. 

The gases of the blood will be treated of in Chapter XVII (on respira- 
tion), 

lY. The Quantitative Composition of the Blood* 

The quantitative analyses of the blood are of little value. We must 
ascertain on one side the relationship of the plasma and blood-corpuscles to 
each other, and on the other side the constitution of each of these two 
chief constituents. The difficulties which stand in the way of such a task, 
especially in regard to the living, non-coagulated blood, have not been 
removed. Since the constitution of the blood may differ not only in differ- 
ent vascular regions, but also in the same region under different circum- 
stances, wffiich renders also a number of blood analyses necessary, it can 
hardly appear remarkable that our knowledge of the constitution of the 
blood is still relatively limited. 

The relative volume of blood-corpuscles and serum in defibrinated blood ; 
may be determined, according to L. and M. Bleibteetj.^ by various 

^ Hofmeister''s Beitrage, 5 and 0, and Virchow's Arch., 178. See also DucceseMp 
Hofmeister^s Beitrage, 3. 

^ Hofmeister's Beitrage, 8. 

^ PSuger's Arch., 51, 65, and 80. 
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methods if the defibrinated blood is mixed with different proportions of 
isotonic NaC! soliition (1 vol. of the blood to at least 1 vol. salt soliition)y 
the blood"Corpuscles aliowod to settle to the bottom^ which may be facili- 
tated by centrifugal force, and the clear supernatant mixture of serum 
and salt solution siphoned off. The methods are as follows: 

1. Determine the quantity of nitrogen in at least two different portions of 
the mixture of serum and salt solution by means of Kjeldahl’s method and 
calculate the quantity of protein corresponding thereto by multiplying with 
6,25; and the relative volume of blood x, and also the volume of the structural 
elements (1 -a:), are found by the following equation: 

(Ci €2)X , 62 , €i* 

O2 Oi 

In this equation (for mixtures 1 and 2) bi or represents the volume of blood 
in the mixture, Si or s. the volume of salt solution, and Ci or Cg the quantity of 
protein in a certain volume of each mixture. 

2. Determine the specific gravity of the blood-serum, of the salt solutions, and 
of at least one of the mixtures of serum and salt solution by means of a pycnom- 
eter. The relative volume of serum x is found in this by the following equation: 

s S-K 
^ b’So-lC 

In this equation 5 and b represent the volumes of salt solution and blood mixed. 
8 represents the specific gravity of the serum and salt solution obtained on 
allowing the blood-corpuscles to settle, iSo the specific gravit}^ of the serum, and 
if that of the salt solution. 

For horse's blood two other shorter methods may be made use of (see the 
original article). 

Important objections have been presented by several investigators, such 
as Eyqlan, Biernacki, and Hedin,^ against the above methods, whose 
value, therefore, is questionable. The same is also tme for another method, 
suggested by St. Bitgarsky and Tangl and partly corrected, in regard to 
the calculations, by Stewart T his method is based upon a difference 
in the electrical conductivities of the blood and the plasma. According to 
the investigations of P. Franckel,^ the results obtained by determining 
the conductivities give the same figures as those by Bleibtreu's method, 
at least for human, horse, ox, and dog bloods. Stewart has also W'orked 
out a colorimetric method for the estimation of the volume of the blood- 
corpuscles and the plasma, which seems to be worth applying. 

For clinical purposes the relative volume of corpuscles in the blood may 
be determined by the use of a small centrifuge called a hmmatocrit, constructed 
by Blix and described and tested by Hedin. A measured quantity of 


^Biernacki, Zeitschr. f. physiol. Chem., 19; Eykman, Pfiugeris Arch., 60; Hedin, 
and Skand. Arch. f. Physiol., 5. 

^Bugarsky and Tangl, Centralbl. 1 Physiol, 11; Stewart, Journ, of Physiol, 24., 
® Franckel, Zeitschr. f. klin. Med., 52. 
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.'■blood, is, mixed with volume .(best an equal .volume) of a fluid 

wdiicli .prevents coagulation. ■ This mixture is introdiieed into, a,.tube^„and 
then centrifuged. According to Hedin it is, best to, treat the , blood, which 
is, kept .fluid by 1 p, m. oxalate, mth an equal volume of a 9 p. m. .NaCl 
solution. , After complete centrifugalization, the layer of blood-corpuscles is 
, read off on the graduated tube and the volume of blood-corpuscles (or 'more 
'correctly the layer of blood-corpuscles) in 100 vols. of the blood calculated 
, therefrom. ,.:By means of comparative counts, .Hedijnt and D aland have 
found that an approximately constant relation exists between the. voluine 
of the layer of blood-corpuscles and the number of red corpuscles under 
pliysiological conditions, so that the number of corpuscles may be calculated 
from the volume. Daland ^ has shown that such a calculation gives 
approximate results also in disease, when the size of the blood-corpuscles 
does not essentially deviate from the normal. In certain diseases, such as 
pernicious anaemia, this method gives such inaccurate results that it cannot 
be used. 

Koppb ^ has recently shown that in centrifuging blood very rapidly, 
more than 5000 times per minute, the blood-corpuscles may be so 
completely separated that all intermediate fluid is removed. Because 
of the absence of this intermediate fluid the refraction is changed; the 
outer layers of the erythrocytes containing fat become transparent, and 
the column of blood-corpuscles becomes transparent and laky. If the 
volume of the separated column of blood-corpuscles is determined and 
the number of led blood-corpuscles counted, the absolute volume of these 
latter can be determined by this method. 

In determining the relationship between the weight of blood-corpuscles 
and the weight of blood-fluid, we generally proceed in the following manner: 

If any substance is found in the blood which belongs exclusively to the 
plasma and does not occur in the blood-corpuscles, then the amount of 
plasma contained in the blood may be calculated if we determine the amount 
of this substance in 100 parts of the plasma or serum respectively on one 
side, and in 100 parts of the blood on the other. If we represent the amount 
of this substance in the plasma by p and that in the blood by b, then the 

amount of x in the plasma from 100 parts of blood is . 

Such a substance, which occurs only in the plasma, is fibrin according 
to Hoppe-Seylee, sodium according to Bunge (in certain kinds of blood), 
and sugar according to Otto.*^ The experimenters just named have tried 
to determine the amount of the plasma and blood-corpuscles, respectively, 
ill different kinds of blood, starting from the above-mentioned substances. 

Another method suggested by Hoppe-Seyler is to determine the total 
amount of haemoglobin and proteins in a portion'^of blood, and on the other 
hand the amount of haemoglobin and proteins in the biodd-corpuscles (from 
an equal portion of the same blood) which have been sufficiently washed 
with common-salt solution by centrifugal force. The figure obtained as a 


^ Hedin, Skand. Arch. f. PhysioL, 2, 134 and 361, and 5; Pfiugefls Arch., 60; 
Daland, Fortsehritte d. Med., 0, 

® Hoppe-Seyler, Handb. d. physiol, u. path., chem. Analyse, 7. Aufi.; Bunge, Zeit- 
schr. f. Bioiogie, 12; Otto, Pflugefls Arch., 35. ‘ ' / . , , , , 
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difference between tliese two determinations corresponds to tlie amount of 
proteins which was contained in the serum of the first portion of blood. 
If we now determine the proteins in a special portion of serum of the same 
blood, then the amount of serum in the blood is easil}^ determined. The 
usefulness of this method has been confirmed by Bunge by the control 
experiments with the sodium determinations. If the amount of serum and 
blood-corpuscles in the blood is known, and we then determine the amount 
of the different blood-constituents in the blood-semm on one side and of 
the total blood on the other, the distribution of these different blood- 
constituents in the two chief components of the blood, plasma and blood- 
corpuscles, ma^?’ be ascertained. In the table opposite are given analyses 
of the blood of various animals by Abderhalden ^ according to HoppE-SEy- 
LERts and Bunge's methods. The analyses of human blood by C. Schmidt ^ 
are older and were made according to another method, hence perhaps the 
results for the weights of the corpuscles are a little too high. Ail the results 
are in parts per 1000 parts of blood. 

The relation between blood-corpuscles and plasma may varj' considerably 
under different circumstances even in the same species of animal. In 
animals, in most cases considerably more plasma is found, sometimes two 
thirds of the weight of the blood.^ For human blood Arronet has found 
478.8 p. m. blood-corpuscles and 521.2 p. m. serum (in defibrinated blood) 
as an average of nine determinations. Schneider*^ found 349.6 and 650.4 
p. m. respectively in women. 

The sugar occurs, it seems, only in the serum and not with the blood- 
corpuscles. The same is tme, according to Abderhalden, for the lime, 
fat, and perhaps also the fatty acids. The small traces of bile-acids found 
in normal blood are, according to Croftan,^ contained in the leucocytes. 
The division of the alkalies between the blood-corpuscles and the plasma 
is different, as the blood-corpuscles from the pig, horse, and rabbit contain 
no soda, those from human blood are richer in potassium, and the corpuscles 
from 0X-, sheep-, goat-, dog-, and cat-blood are considerably richer in 
sodium than potassium. Chlorine exists in all blood to a greater extent 
in the serum than in the blood-corpuscles. Iodine is found only in the 
vserum, while iron occurs chiefly in the form-elements, especially in the 
eiythrocytes. As the nucleoproteids contain iron, some iron always occurs 
in the leucocytes, and traces of iron are also found in the serum. This 
amount under normal conditions is very small, while in disease the relation 
between haemoglobin-iron and other blood-iron does not seem to change 


^ Zeitsclir. f. physiol. Chem., 23 and 25. 

2 Cited and in part recalculated from v. Gorup-Besanez, Lehrb. d. physiol Chem., 

See Sacharjin in Hoppe-Seyler^s Physiol. Chem., 447; Otto, Pflliger^s Arch,, 35; 
Bunge, L c.; L. and M. Bleibtreu, Pfiiiger^s, Arch., 51. 

, Arronet, Muiy's Jahresber., .17; Schneider,, CentralbL f. Physiol, 5, 362. 

® Pfliiger^s Arch., 90. 
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very much. There are also found in the blood manganese and traces of 
iithiiim, copper, lead, silver, and in menstrual blood arsenic has also been 
noted. The blood as a whole contains in ordinal}" cases 770-820 p. m. 
water, with 1S0“230 p. m. solids; of these 173-220 p. m. are organic and 
0-10 p. m. inorganic. The organic consists, deducting 6-12 p. m. of extrac- 
tive bodies, of proteins and hsemoglobin. The amount of this last-men- 
tioned body in human blood is about 130-150 p. m. In the dog, cat, pig, 
and horse the quantity of hsemoglobin is about the same, but is lower in 
the blood from the ox, bull, sheep, goat, and rabbit (Abbeehaldsn). ; 



240 


THE BLOODe 


The amount of .sugar in the blood is on an average 1-1.5 p. in. It 
seems to ■ be independent of the composition of the food, but feeding 
•with large amounts of sugar or dextrin causes a considerable increase in 
the sugar of the blood, as observed by Bleile. When the quantity of 
sugar . amounts to more than 3 p. m., then, according to Cn. Bernaed/ 
sugar occurs in the urine, and a glycosuria appears. An increase in the 
quantity of sugar takes place, as first observed by Bernard and lately 
substantiated by Fe. Schenck, after removal of blood.. According to, 
Henriqxjes this increase of the reducing power, at least in dogs, is not 
due to sugar, but cHefiy to jecorin, which substance is the cause of more of 
the reduction in normal blood than the sugar. It is difficult to judge of the 
value of many statements as to the amoimt of sugar and the reducing 
power of the blood, because the experimenters generally have not con- 
sidered the presence of a certain quantity of Jecorin or conjugated glu- 
curonic acids, or they were unable to detect them. 

The quantity of urea, which, according to Schondorff, is equally divided 
between the blood-corpuscles and the plasma, is greater on taking food than 
in starvation (GriShant and Quinquaud, Schondorff) and varies between 
0.2 and 1.5 p. m. In dogs Schondorff found in starvation a minimum 
of 0.348 p. m. and a maximum of 1.529 p. m. at the point of highest 
urea foimation. Gottlieb obtained much lower results by another direct 
method, namely, in starvation 0. 1-0.2, and after meat feeding 0.28-0.56 
p. m. In man v. Jaksch ^ found 0,5-0.6 p. m. urea in normal blood. The 
quantity of urea is somewhat increased in fever, and in general in augmented 
protein metabolism and the increased urea formation depending thereon. 
A more important increase in the quantity of urea in the blood occurs in a 
retarded elimination of urea, as in cholera, also in cholera infantum and 
in infections of the kidneys and the urinaiy passages. After ligaturing 
the ureters or after extirpation of the kidneys of animals, an accumulation 
of urea takes place in the blood. 

v. Schroder first showed that the blood of the shark was very rich in 
urea, and the quantity indeed amounted to 26 p. m. Baglioni^ has re- 
cently shown that this large quantity of urea is of the greatest importance, 
as the presence of urea in these animals is a necessary life-condition for 
the heart and very probably for all organs and tissues. 


^ Bieile, Arch. I. (Anat. u.) Physiol., 1879; Bernard, Legons sur le diabdte, Paris, 

® Schenck, Pfiiiger^s Arch., 57; Henriques, Zeitsehr. f. physiol. Chem., 23. See also 
Koiisch and Stejskal, Wien. klih. Wochenschr., 1898. 

^ Grehant et Quinquaud, Joum. de Panatomie et de la physiol., 20, and Compt. 
rend., 98; Schondorff, PflugePs Arch,, 54 and 63^* GottHeb, Arch, t exp. Path. u. 
Fharm,, 42; v, Jaksch, Leyden-Festschr., I, 1901. 

* V. Schroder, Zeitsehr. f, physiol Chem., 14; Baglioni, CentraibL f. Physio!., 19. 
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; The blood also contains traces, of ammonia. ' According to Hoeodynski,' 
Salaskin, and Zaleski,^ who worked with the improved ;NenckI' and 
Zaleski method, the quantity in arterial dog-blood was 0.41 milligram in 
100 grams of blood. The blood of the portal vein contains considerably 
more than the blood of the arteries, being 3-4.5 times richer; this k 
disputed by Biedl and Winteeberg,^ however. The blood from healthy 
persons contains on an average 0.90 milligram per 100 c.c., according to 
WiNTEBBEEG.^ The quantity of uric acid may be 0.1 p. ni. in bird^s blood 
(v, ScHEODER^). Uric acid has not been detected with positiveness in 
human blood under normal conditions, while it has been found in the 
blood in gout, croupous pneumonia, and certain other diseased conditions. 
Lactic acid was first found in human blood by Salomon and then by 
Gaglio, Berlinerblau, and Irisawa. The quantity of lactic acid may 
vary considerably. Berlinerblau found’ 0.71 p. m. as maximum. 
Saito and Katsuyama ^ found on an average 0.269 p. m. in hen^s blood, 
and after carbon-monoxide poisoning the quantity increased to 1.227 p. m. 

The Composition of the Blood in Different Vascular Regions and under 

Different Conditions. 

Arterial and Venous Blood. The most striking difference between 
these two kinds of blood is the variation in color caused by their containing 
different amounts of gas and different amounts of oxyhsemoglobin and 
haemoglobin. The arterial blood is light red; the venous blood is dark red, 
dichroitic, greenish by transmitted light through thin layers. The arterial 
coagulates more quickly than the venous blood. The latter, on account of 
the transudation which takes place in the capillaries, was formerly said to 
be somewhat poorer in water but richer in blood-corpuscles and haemo- 
globin than the arterial blood; but this is denied by modern investigators. 
According to Kruger ^ and his pupils the quantity of dry residue and 
haemoglobin in blood from the carotid artery and from the jugular vein (in 
eats) is the same. Rohmann and ]\Iuhsam ^ could not detect any differ- 
ence in the quantity of fat in arterial and venous blood. 

Blood from the Portal Vein and the Hepatic Vein. In consequence of 
the small quantities of bile and lymph found relatively to the large quantity 


^ Zeitsclir. f. physiol. Chem., 35, which also gives the older literature. 

^PfliigePs Arch., SS. 

® Wien. Min. Wochenschr., 1897, and Zeitschr. f. klin. Med., 35. 

* Ludwig’s Festschrift, 1887. 

® Irisawa, Zeitsehr. f. physiol. Chem., 17, which also gives the older literature; Saito 
and Katsuyama, ibid.} 32. 

® Zeitsehr. f. Biologie, 26. This also gives the literature on the composition of the 
blood in different vascular regions, 

'■ Pfiugeris Arcbiv, 46. 
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of blood circulating through the liver in a given time^ we can hardly expect 
to detect by chemical analysis a positive difference in the composition 
between the blood of the portal and hepatic veins. The statements in 
regard to siicii a difference are in fact contradictory. For example, Dros- 
DOFF has found more haemoglobin in the hepatic than in the portal vein, 
while Otto found less. Kruger finds that the quantities of hsemoglobin, 
as well as of the solids, in the blood from the vessels passing to and from 
the liver are different, but a constant relationship cannot be determined. 
The disputed question as to the varying quantities of sugar in the portal 
and hepatic veins will be discussed in a following chapter (see Chapter 
VIII , on the formation of sugar in the liver). After a meal rich in carbo- 
hydrates, the blood of the portal vein not only becomes richer in dextrose, 
but may contain also dextrin and other carbohydrates (v. Mering, Otto ^). 
The amount of urea in the blood from the hepatic vein is greater than 
in other blood (GniiiiANT and Quinquaub^). In regard to the quantity 
of ammonia, see page 241. 

Blood of the Splenic Vein is decidedly richer in leucocytes than the 
blood from the splenic arteinn The red blood-corpuscles of the blood from 
the splenic vein are smaller than the ordinary, less flattened, and show a 
greater resistance to water. The blood from the splenic vein is also claimed 
to be richer in water, fibrin, and protein than the ordinary venous blood. 
According to v. jMibdendorff, it is richer in ha3mogiobin than arterial 
blood. Kruger ^ and his pupils have found that the blood from the vena 
lienalis is generally richer in hsemoglobin and solids than arterial blood; 
still the contrary is often found. The blood from the splenic vein coagu- 
lates slowly. 

The Blood from the Veins of the Glands. The blood circulates wdth 
greater rapidity through a gland during activity (secretion) than when at 
rest, and the outflowing venous blood has therefore during activity a lighter 
red color and a greater amount of oxygen. Because of the secretion the 
venous blood also becomes somewhat poorer in water and richer in solids. 

The blood from the Muscular Veins shows an opposite behavior, for 
dixiing activity it is darker and more venous in its properties because of the 
increased absorption of oxygen by the muscles and still greater production 
of carbon dioxide than when at rest. 

Menstrual Blood, according to an old statement, has not the power of 
coagulating. This statement is nevertheless false, and the apparent un- 
coagulability depends in part on, the retention of the blood-clot by the 


^ Drosdoff, Zeitschr. f. physiol. Chem., 1; Otto, Maly's Jahresber ,17; v. Mering, 
Middendorff, Centralbl. f. Physiol, 2, 753; Kriiger, L c. 
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womb anrl tbe \mgina, so that only -fluid cruor is at times eliminated, arc! 
in ..part on, a contamination with vaginal mucus, which disturbs, the coagu-. 
latioii. .Menstrual blood, according to Gautier and , .Bourcet^ contains 
arsenic and is also richer in iodine than other blood (see blood-serum., 
page .187). 

The Blood of the Two Sexes, Woman blood coagulates somewhat more 
quickly, has a lo'wer specific gravity, a greater amount of \vater, and a 
smaller qiiantity of solids than the blood of man. The amount of blood- 
corpuscles and hmmogiobin is somewhat smaller in woman s blood. The 
amount of hiumoglobm is 146 p. m. for man s blood and 133 p. m. for 
woman 

During pregnancy Nasse has observed a decrease in the specific gravity, 
with an increase in the amount of water, until the end of the eighth month. 
From then the specific gravity increases, and at delivery it is normal again. 
The amount of fibrin is somewiiat increased (Beoquerel and Rodier, 
Nasse). The number of blood-corpuscles seems to decrease. In regard to 
the amount of ha3moglobin the statements are somewhat contradictory. 
CoHNSTEiN found the number of red corpuscles diminished in the blood 
of pregnant sheep as compared with non-pregnant, but the red corpuscles 
were larger and the c^uantity of haemoglobin in the blood was greater in the 
first case. Mollenberg^ found in most cases an increase in the amount 
of haemoglobin in pregnancy in the last months. 

The Blood at Different Periods of Life. Foetal and infant blood is richer 
in eiythrocytes and haemoglobin than the blood of the mother. The 
highest percentage of hjnmoglobin in the blood has been observed by 


several investigators, such as Cohnstein and Zuntz, Otto, Winternitz, 
Abdkrhalden, Schwtxge, and others, immediately or very soon after 
birth or at least within the first few days. In man, two or three days after 
birth the haemoglobin reaches a maximum (200--210 p, m.) which is greater 
than at any other period of life. This is the cause of the great abundance 
of solids in the blood of new-born infants, as observed by several inves- 
tigators. The quantity of hsemoglobin and blood-corpuscles sinks gradu- 
ally from this first maximum to a minimum of about 110 p. m. haemoglobin, 
which minimum appears in human beings between the fourth and eighth 
years. The quantity of haemoglobin, then increases again until about the 
tw-entieth year, when a second maximum of 137-150 p. m. is reached. The 
hemoglobin remains at this point only to about the forty-fifth year, and 
then gradually and vslowiy decreases (Leichtensterx Otto^). According 

^ Nasse, Malyhs Jahresber., 7 ; Becqtierel and Eodier, Traite de chim. pathoL, 
Paris, 1.854; Cohnstein, Pfliiger’s Arch*, 84, 233; Moilenberg, Maly's Jahresber., 81, 
185. See also Payer, Arch, f* Gyn^kiv 71. , ' i ■ 

“ Cohnstein and Zuntz, Pfluger's Ar.ch,, 84; Winternitz. Zeitschn.1 physiol Chain 
.22; Leichtenstern, Untersuch) fiber -den .H^moglqbingahalt des ;Blntes, etc** Leipzig/ 
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to older statements, the .blood at old age is poorer in blood-corpuscles ' and 
protein bodies., but richer in water and salts. 

The Influence of Food on the Blood. In complete starvation, no decrease 
in the amount of solid blood-constituents is, found to take place (Panum 
and others). ' The amount of hiemoglobin is increased a little, at least in 
the. earty period (Subbotin, Otto, Hermann and Groll, Luciani and 
and also the number of red blood-corpuscles increases (Worm 
Muller, Buntzen ^), which probably depends partly on the fact that' the 
blood-corpuscles are not so quickly transformed as the serum and partly 
on a greater concentration due to loss of water. In rabbits and to a less 
extent in dogs, Popel found that complete abstinence had a tendency 
to increase the specific gravity of the blood. The amount of fat in the 
blood may be somewhat increased in starvation because the fat is taken 
up from the fat deposits and carried to the various organs by the blood 
(N. Schulz, D AUDI 2). 

After a rich meal the relative number of blood-corpuscles, after secretion 
of digestive juices or absorption of nutritive liquids, may be increased or 
diminished (Buntzen, Leichtenstern). The number of white blood- 
corpuscles may be considerably increased after a diet rich in proteins. 
After a diet rich in fat the plasma becomes, even after a short time, more 
or less millq^-white, like an emulsion. The composition of the food acts 
essentially on the amount of haemoglobin in the blood. The blood of 
herbivora is generally poorer in haemoglobin than that of carnivora, 
and Subbotin has observed in dogs after a partial feeding with food rich 
in earbol\ydrates that the amount of haemoglobin sank from the physio- 
logical average of 137.5 p. m. to 103.2-93.7 p, m. Tsubox^ has also shown 
in experiments on rabbits and dogs that with an insufficient diet of bread 
and potatoes, where the body gave up protein and contained relatively 
much , carbohydrate, the amount of haemoglobin decreased and the blood 
became richer in water. According to Leichtenstern, a gradual increase 
in the amount of haemoglobin is found to take place in the blood of 
human beings on enriching the food, and according to the same inves- 
tigator the blood of lean persons is generally somewhat richer in hsemo- 


1878; Otto, Maly’s Jahresber., lo and 17; Abderhalden, Zeitschr. f. physiol. Cliem., 
34; Sciiwinge, Phiiger’s Arch., 73 (literature). See also Fehrsen, Journ. of Physiol , 

iilfi ^ t',: 

^ Panum, Virchow’s Arch., 29; Subbotin, Zeitschr. f. Biologie, 7; Otto, L c.; Worm 
Miiiier. Transfusion imd Plethora, Christiania, 1875; Buntzen, see Maly’s Jahresber,, 
9; Hermann and Groll, Pfliiger’s Arch., 43;, Luciani and Bufalini, Maly’s Jahresber 

^ Popei, Arch, des scienc. biol. de St. Petersbourg, 4, 354; Schulz, Pfliiger’s Arch , 
65; Daddi, Maly’s Jaliresber., 30. 

® Subbotin, L c.; Tsuboi, Zeitsclir. f. Biologie, 44. 


245 


; ' INCREASE IN THE, RED . CORPUSCLES. 

globin than blood from fat ones of the same age. The addition of iron 
salts to the food greatly influences the number of blood-corpuscles and 
especially the amount of hemoglobin they contain. The action of the iron 
salts is obscure.^ There does not seem to be any doubt that not only is 
the iron contained in the food in the form of organic compounds active, 
but also iron salts and therapeutic iron. According to Bunge and his 
pupils the iron preparations only act indirectly. They may combine with 
the sulphuretted hydrogen of the intestinal canal and thereby prevent the 
iron associated in the food as assimilable protein compounds from being 
eliminated as iron sulphide (Bunge), or they may perhaps act as excitants 
upon the blood-forming organs (Abderhalden) . 

An mcrease in the number of red corpuscles^ a tme ‘ ^ plethora poly- 
cytJmmia” takes place after transfusion of blood of the same species of 
animal. According to the observations of Panum and Worm Muller,^ 
the blood-liquid is quickly eliminated and transformed in this case — the 
water being eliminated principally by the kidneys and the protein burned 
into urea, etc. — ^wlule the blood-corpuscles are preserved longer and cause 
a polycythcemiaJ^ A relative increase in the number of red corpuscles 
is found after abundant transudation from the blood, as in cholera and 
heart-failure with considerable congestion. An . increase in the number 
of red blood-corpuscles has also been observed under the influence of 
diminished pressure or in high ^altitudes. Viault first called attention to 
the fact that the number of red corpuscles was very great in the blood of 
man and animals living in high regions. According to him the llama has 
about 16 million blood-corpuscles per cubic millimeter. By observations 
on himself and others, as well as on animals, Viault found the first effect 
of sojourning in high localities was a very considerable increase in the 
number of red corpuscles, in his own ease S-S millions. A similar increase 
of the red blood-corpuscles, as also an increase in the quantity of haemo- 
globin under the influence of diminished pressure, has been observed by 
many other investigators in human beings as well as in animals. Investi- 
gators are not united as to how this increase is brought about. The increase 
in the blood-corpuscles is not absolute But is only relative, and it is con- 
sidered by several observers that there is neither a new formation nor a 
diminished destruction of the blood-corpuscles. A relative increase may 
be brought about in different ways. For example, another division of the 
blood-corpuscles in the vascular system has been supposed, whereby the 
blood-corpuscles accumulate in the capillaries, from which region the blood 

^ See Bunge, Zeitschr. f. physiol. Chem., 9; Hausermaim, ibid,y where the works 
of Woltering, Gaule, Hall, Hochhaus, and Quincke are cited (the same work con- 
tains a table of the quantity of iron in. various foods); Kunkel, Pfliiger^s Arch., 61; 
Macallum, Journal of Physiol., 16; Abderhalden, Zeitschr. f. Bioiogie, 39. , 

® Panum, Virchow^s Arch., 29; Worm Miiiler, 1. e, . . 
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lias been examined most often (Zuntz). It is also claimed that a con- 
centration of the blood takes place by increased evaporation (Gkawitz), 
and finally an increase in the blood-corpuscles has also been explained by 
assuming a contraction of the vascular system with the pressing out of 
plasma Bunge, Abderhaldbn ^). In connection with these experiments, it 
must be remarked that several trustworthy observations show that under 
the influence of diminished blood-pressure an actual increase in the red 
blood-corpuscles takes place, and Zuxtz^ and his co-workers have also 
shovm that the activity in the red bone-marrow is increased. 

A decrease m the nimiher of red corpuscles occurs in anaemia from differ- 
ent causes. Ever}- excessive hemorrhage causes an acute anaemia, or, more 
correctly, oligemia. Even during the hemorrhage, the remaining blood 
becomes by diminished secretion and excretion, as also by an abundant 
absorption of parenchymous fluid, richer in w’^ater, somewhat poorer in pro- 
teins, and strikingly poorer in red blood-corpuscles. The oligaemia passes 
soon into a hydremia. The amount of protein then gradually increases 
again; but the re-formation of the red blood-corpuscles is slower, and after 
the hydraemia follows also an oligocythaemia. After a little time the 
number of blood-corpuscles rises to normal ; but the re-formation of haemo- 
globin does not keep pace with the re-formation of the corpuscles, and a 
chlorotic condition may appear. A considerable decrease in the number 
of red corpuscles occurs also in chronic ansq^nia and chlorosis; still in such 
cases an essential decrease in the amount of haemoglobin occurs without an 
essential decrease in the number of blood-corpuscles. The decrease in the 
amount of haemoglobin is more characteristic of chlorosis than a decrease 
in the number of red corpuscles. The statements on the changes in the 
blood in anaemia and chlorosis differ very considerably, and in this con- 
nection attention must be called to the findings of Lorrain Smith (based on 
his estimation of the oxygen capacity and of the blood-volume) that in 
chlorosis an absolute diminution of the amount of haemoglobin does not 
occur, but, that on the contrary, the total quantity of haemoglobin may be 
normal, with only a relative diminution occurring, due to a pronounced 
increase of the blood-plasma and of the total quantity of biood.^ 

A very considerable decrease in the number of red corpuscles (300 OOO- 
400 000 in 1 c.mm.) and diminution in the amount of haemoglobin (J- ^ ) 
occurs in pernicious anemia' (Haybm, Laache, and others). On the 
contraiy, the individual red corpuscles are larger and richer in haemoglobin 

^ The literature on this subject may be found in Abderhaiden, Zeitschr. f. Biologie, 
4S; van Voomveld, Pfluger's Arch., 92, 

^ Hohenldima und Bergwanderungen, by N. Zuntz, A. Loewy, Franz Mbller, and W. 
Caspari* Berlin, 1906. 

^ Trans. Path. Soc. London, 51, 1900. Complete analyses of chlorotic blood may 
be found in Erben, Zeitschr. f. klin. Med., 47. , 
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than they ordinarily are, and the' number stands in an in verse relationship 
to the amount of h^Bmogiobin (Hayem). Besides this the red corpuscles 
often.; but not always, show in pernicious anajmia remarkable and ex- 
traordinary irregularities of form and size, which Quincke^ has termed 
poikilocytosis. 

The number of leucocytes may, as stated above, be increased under 
physiological conditions as well as after a meal rich in protein (physiol ogical 
leucocytosis). Under pathological conditions a high leucocytosis may occur, 
and this is especially found in leucjemia, which is characterized by a very 
great abundance of leucocytes in the blood* The number of leucocytes 
is markedly increased in this disease, and indeed not only absolutely, but 
also in relation to the number of red blood-corpuscles, which are increased 
to a considerable extent in leucsemia. Leucsemic blood has a lower specific 
gravity than the ordinary blood (1035-1040), and a paler color, as if it 
were mixed with pus. The reaction is alkaline, but after death it is fre- 
quently acid, probably due to a decomposition of lecithin, which is often 
considerably increased in leucaemia. Volatile fatty acids, lactic acid, glycero- 
phosphoric acid, large amounts of xanthine bodies, and so-called Charcot^s 
crystals (see semen. Chap. XIII) have also been found in ieucsemic blood. 
The peptone (proteose) which is found in the leucsemic blood after death, 
and which does not exist in the fresh blood, is, according to Erben, a 
digestive product which is produced by a tryptic enzyme which origmates 
from the leucocytes as well as by traces of a peptic enzyme. These 
enzymes, according to Eeben, do not occur in normal blood, or are so 
firmly combined therein that on the death of the cells they are not set 
free, or at least their action does not become evident.^ 

A great number of investigations have been made on the chemical com- 
position of blood in disease. But as we have only a few analyses of the 
blood of healthy individuals, and as the possible variations under physio- 
logical conditions are little knovm, it is difficult to draw any positive conclu- 
sions from the analyses of pathological blood. Unfortunately, on account 
of the large number of contradictory statements of the composition of the 
blood of diseased human beings, it is impossible to give a brief summary of 
the results, still the changes in the blood in disease must be of the greatest 
importance. 

The quantity of blood is indeed somewhat variable in different species 
of animals and in different conditions of the body; in general we consider 
the entire quantity of blood in adults as about weight of the 

^ Laache, Die Anamie (Christiania, 1883), which also contains the literature; 
Quincke, Deutsch. Arch, f. klin. Med., 20 and 25. A complete chemical analysis of 
the blood has been made by Erben, Zeitsehr. f. klin. Med., 40, . . , : 

2 Erben, Zeitschr. f. Heiikunde, 24, and Hofmeister^s Beitrage, 5, See also Schuixim, 
ihid.y 4 and 5. 
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bocty,. and in iiew-bom infants 'about jV* Haldane and Loreain. Smith, ^ 
who liave .determined , the quantity of blood , by a new method, find in. 
.fourteen, persons that it varies between jV weight of the body. 

Fat iiidividiials, are relatively .poorer in .blood than lean ones. Durin.g: 
.inanition the quantity of blood decreases less quickly than the weight of 
the body (Panum^), and it ma}" therefore be also proportionally greater 
in starving mdividuals than in well-fed ones. 

By careful bleeding the quantity of blood may be considerably dimiii- 
ished mthoiit any dangerous symptoms. A loss of blood amounting to one 
fourth of the normal quantity has as a sequence no durable sinking of the 
blood-pressure in the arteries, because the smaller arteries accommodate 
theiiiselves to the small quantities of blood by contracting (Worm ]\ItTL- 
LER •^). A loss of blood amounting to one third of the qiiantit}^ reduces the 
blood-pressure considerably, and a loss of one half of the blood in adults is 
dangerous to life. The more rapid the bleeding the more dangerous it is. 
New-born infants are very sensitive to loss of blood, and likewise fat, old, 
and weak persons cannot stand much loss of blood. Women can stand 
loss of blood better than men. 

The quantity of blood may be considerably increased by the injection of 
blood from the same species of animal (Panum, Landois, Worm Muller, 
Ponpick). According to Worm Muller the normal quantity of blood may 
indeed be increased as much as 83 per cent without producing any abnor- 
mal conditions or lasting high blood-pressure. An increase of 150 per cent 
in the quantity of blood may, with a considerable variation in the blood- 
pressure, be directly dangerous to life (Worm Muller). If the quantity 
of blood of an animal is increased by transfusion with blood of the same 
kind of animal, an abundant formation of lymph takes place. The water 
in excess is eliminated by the urine; and as the protein of the blood-serum 
is quickly decomposed, w’hile the red blood-corpuscles are destroyed much 
more slowly (Tschirjew^, Forster, Panum, Worm SIuller^), a polycy- 
thsemia is gradually produced. 

The quantity of blood in the different organs depends essentially on 
their activity. During wmrk the exchange of material in an organ is 
more pronounced than during rest, and the increased metabolism is con- 
nected with a more abundant flow of blood. Although the total quantity 



^ Journ. of Physiol., 25. 

^ Virchow's Ai*ch., 29. 

^Transfusion und Plethora, Christiania, 1875. 


^ Panum, Nord. med. Ark., 7; Virchow's Arch., 63; Landois, CentralbL f. d, med. 
Wissensch., 1875, and Die Transfusion des Blutes, Leipzig, 1875; Worm Muller, 
Transfusion imd Plethora; Ponfiok, Virchow's Arch., 62; Tschirjew, Arbeiten aus. 
der physiol, Anstalt zu Leipzig, 1874, 292; Forster, Zeitschr. f. Biologie, 11; Panum 
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of blood ill the body remains constant, the distribution of the blood in the 
various organs may be different at_ different times. As a rule the quantity 
of blood in an organ is an approximate measure of the more or less 
active metabolism going on in the same, and from this point of view the 
distribution of the blood in the different organs and groups of organs is of 
interest. According to Ranice,^ to whom we are especially indebted for 
our knowledge of the relationship of the actmty of the organs to the 
quantity of blood contained therein, of the total quantity of blood (in the 
rabbit) about one fourth comes to the muscles in rest, one fourtli to the 
heart and the large blood-vessels, one fourth to the liver, and one fourth to 
the other organs. 


' Die Blutvertlieilung nnd der Thatigkeitswechsel der Organe, Leipzig, 187 L 
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L Chyle and Lyinpli. 

The lymph is the mediator in the exchange of constituents between the 
blood and the tissues. The bodies necessary for the nutrition of the tissues 
pass from the blood into the lymph, and the tissues deliver water, salts, and 
products of metabolism to the lymph. The lymph, therefore, originates 
partly from the blood and partly from the tissues. From a purely theo- 
retical standpoint one can, according to Heidenhain, differentiate between 
blood-lymph and tissue-lymph according to origin. It is impossible at the 
present time to completely separate that which comes from the one or the 
other source. Chemically the lymph is the same as plasma and contains, at 
least to a great extent, the same bodies. The observation of Asher and 
Barbera,^ that the lymph contains poisonous metabolic products, does 
not contradict such an assum|:)tion, as no doubt these products are trans- 
ferred to the blood with the lymph. Although the blood does not show the 
same poisonous action as the lymph, still this can be explained by the 
great dilution these bodies undergo in the blood, and the difference between 
blood-plasm'a and lymph is no doubt of a quantitative nature. This differ- 
ence consists chiefly in that the lymph is poorer in proteins. No essen- 
tial chemical difference has been found between the lymph and the chyle 
of starving animals. After fatty food the chyle differs from the lymph in 
its wealth of minutel}' divided fat-globules, which give it a milky appear- 
ance; hence the old name ^Tacteal fliiid.^’ 

Chyle and lymph, like the plasma, contain seralburnin, serglobulins, 
fibrinogen, and fibrin ferment. The two last-mentioned bodies occur only 
in very small amounts; therefore the ch^de and lymph coagulate slowly (but 
spontaneous!}^) and yield but little fibrin. Like other liquids poor in fibrin 
ferment, chyle and lymph do not at once coagulate completely, but repeated 
coagulations take place. 

, The extractive bodies seem to be the same as in plasma. Sugar (or 
at least a reducing substance) is found in about the same quantity as in the 

. . ^ 2eitsch,r. f. Biologic, S6. 
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blood-seriim, but in larger quantities than in the blood; this depends cb. 
the fact that the blood-eorpiiscles contain no sugar. The glycogen 
by 'Dastre ^ in the lymph .occurs, only in the l.eiicoc 3 Tes. Accord.iiig to 
Rohmann and Bial, lymph contains a'diastatic enzyme similar to that in 
blood-plasma, and Lepine^- has found that the chyle , of a dog during 
digestion has great glycolytic activity. The amount of urea has been 
determined by .Wuetz ^ as 0.12-0,28 p. m. The mineral bodies appear to 
be the same as in plasma. 

a\.s form-elements, leucocytes and red blood-corpuscles are common to both 
clyvle and lymph. Chyle in fasting animals has the appearance of lymph. 
After fatty food it is, on the contrary, milky, due partly to small fat- 
globules, as in milk, and partly, indeed mostly, to finely divided fat. The 
nature of the fat occurring in chyle depends upon the kind of fat in the 
food. By far the greater part consists of neutral fat, and even after 
feeding with large quantities of free fatty acids, Mijnk^ found that the 
chyle contained chiefly neutral fat wdth only small amounts of fatty acids 
or soaps. 

The gases of the chyle have not been studied, and it seems that the 
gases of an entirely normal human lymph have not thus far been investi- 
gated. The gases from dog-lj’-mph contain only traces of oxygen and 
consist of 37.4-53.1 per cent CO 2 and 1.6 per cent N, calculated at 0® C., 
and 760 mm. mercuryn The chief mass of the carbon dioxide of the lymph 
seems to be in firm chemical combination. Comparative anal}^ses of blood 
and lymph have shown that the lymph contains more carbon dioxide than 
arterial, but less than venous blood. The tension of the carbon dioxide 
of lymph is, according to Ppluger and Strassburg,^ smaller than in 
venous, but greater than in arterial blood. 

The quantitative composition of the must evidently be very variable.^ 
The analy'ses thus far made refer only to that mixtureof chyle and lymph 
which is obtained from the thoracic duct. The specific gravity varies 
between 1 ,007 and 1 .043. As an example of the composition of human chyle 
two anatyses will be given. The first is by Owen-Rees, of the chyle 
of an executed person, and the second by Hoppe-Seyler,'^ of the chyle in 


^ Gompt. rend, de soe. bioL, 47, and Coinpt. rend., 120; Arch, de Physiol. (5), 7- 
^ Rohmann and Biai, Pdliger^s Arch., 52, 53, and 55; Lupine, Gompt. rend., 110. 
^ Compt. rend., 49, 

Virchow^s Arch.;, SO and 123. In regard to the analysis of the fat of chyle, see 
Erben, Zeitschr. f. physiol. Chem., 30. 

® Hammarsten, Die Case der Hundelymphe, Arbeiten ans d. physiol, Anstalt zn 
Leipzig, 1871; Strasbiirg, PfiiigePs Archiv, 6. 

® See also Panzer, Zeitschr. f. physiol. Chem., 30. . ^ 

Owen-Rees, cited from Hoppe-Seyler^s Physiol. Chern., 695; Hoppe-Seyler, ibid., 
597. See also Carlier, Brit. Med. Journ., 1902, 175. 
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a case of rapture of tlie thoracic' duct. In the latter case the fibrin : had 
previously separated. .The results are ' in. 1000 parts., 

' . ■ No. 1. No. 2. 


940.72 water 
59 . 28 solids 


36.67 albumin 
■7.23 fat » 

'2.35 soaps 
0. S3 lecithin 
• 1.32 cholesterin 
3 . 63 alcohol extractives 
0.58 water extractives 
J 6.80 soluble salts 
\ 0 . 35 insoluble salts 

The quantity of fat is very variable and may be considerably increased 
by partaking of food rich in fats. I. Munk and A. Rosenstein ^ have inves- 
tigated the lymph or chyle obtained from a l^^mph fistula at the end of the 
upper third of the leg of a girl eighteen years old and weighing 60 kg., and 
the highest quantity of fat in the chylous lymph was 47 p. m. after par- 
taking of fat. In the starvation lymph from the same patient they found 
only 0.6-“2.6p. m. fat. The quantity of soaps was always small, and on par- 
taking of 41 grams of fat the quantity of soaps was only about To of the 
neutral fats. 

A great many analyses of chyle from animals have been made, and 
they chiefly show the fact that the chyle is a liquid with a very changeable 
composition which stands closely related to blood-plasma, but with the 
chief difference that it contains more fat and less solids. The reader is 
referred to special works for these analyses, as, for example, to v. Goktjp- 
Besanez^s ^^Lehrbiich der phyvsiologischen Chemie,^’ 4th edition. 

The composition of the is also very changeable, and its specific 

gravity shows about the same variation as the chyle. In the following 
analyses, 1 and 2, made by Gubler and Quevenne, are the results ob- 
tained from lymph from the upper part of the thigh of a woman aged 
thirty-nine; and 3, made by v. Scherer, is an analysis of lymph from 
the sac-like dilated lymphatic vessels of the spermatic cord. No. 4 was 
made by C. Schmidt,^ the data being obtained from lymph from the neck 
of a colt. The results are expressed in parts per 1000. 



1 

' 2 ' ' 

3 

4 

Water 

. ... 939.9 

934.8 

957.6 

955.4 

Solids 

.... 60.1 

65.2 

42.4 

44.6 

Fibrin. 

.... 0.5 

0.6 

0.4 

2.2 

Albumin 

.... 42.7 

42.8 

34.71 


Fat, cholesterin, lecithin .... 

.... 3.8 

9.2 

}■ 

35!6 

Extractive bodies 

.... 5.7 

4.4 

.... J 



.... 7.3 

8.2 

7.2 

*7.5 


* Virchow^s Arch., 123. 

2 Gubler and Quevenne, cited from Hoppe-Seyler's PhysioL Chem., 591; v. Scherer, 
tm, 591; C. Schmidt, tm, 592., ; 


Water ■.. . 904.8. 

Solids... 95.2 

Fibrin . . . Traces 

Albumin 70.8 

Fat. . 9.2 

Eemaining organic bodies ... 10.8 
Salts 4.4 
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The salts found by C. Schmidt in the lymph of the horse have the fol- 
lowing composition, calculated in parts per 1000 parts of the lymph: 


Sodium chloride 5.67 

Soda . . 1.27 

Potash 0.16 

Sulphuric acid 0.09 

Phosphoric acid united with alkalies 0.02 

Earthy phosphates 0.26 


; In the cases investigated by 'Mxjnk and Rosenstein the quantity of 
solids in the fasting' condition varied between 35.7 and 57.2 p. m. This 
variation was essentially dependent upon the extent of secretion^ so that 
the low amount coincides with a more active secretion, and the reverse in 
the other case. The chief portion of the solids consisted of proteins, and 


the relationship between globulin and albumin was as 1:2.4 to 4. The 
mineral bodies in 1000 parts lymph (chylous) were: NaCl 5.83; Na2C03 2.17; 
K2HPO4 0.28; Ca3(P04)2 0.28; Mg3(P04)2 0.09; and Fe(P04) 0.025. 

Under special conditions the lymph may be so rich in finely divided fat 
that it appears like chyle. Such lymph has been investigated by Hensen 
in a case of lymph fistula in a ten-year-old boy, and by Lang ^ in a case of 
lymph fistula in the upper part of the left thigh of a girl of seventeen. 
The lymph investigated by Hensen varied in the quantity of fat, as an 
average of nineteen analyses, between 2.8 and 36.9 p. m., while that inves- 
tigated by Lang contained 24.85 p. m. of fat. 

The quantity of lymph secreted must naturally change considerably 
under various conditions, and there are no means of measuring it. The 
size of the flow of lymph is, as Heidenhain suggests, no measure of the 
abundance of supply of nutritive material to the organs, and the lymph- 
tubes act according to him as drain-tubes,^^ removing the excess of fluid 
from the lymph-fissures as soon as the pressure therein rises to a certain 
height. Attempts have been made to determine the quantity of lymph 
flowing in 24 hours in the thoracic duct of animals. According to 
Heidenhain the quantity averages 640 c.c. for a dog weighing 10 kilos. 

Determinations of the quantity of lymph in man have also been 
attempted. Nobl-Paton ^ obtained 1 c.c. of lymph per minute from the 
severed thoracic duct of a patient weighing 60 kilos. The quantity in the 
24 hours cannot be calculated from this amount. In the case of Munk and 
Rosenstein, 1134-1372 grams chyle was collected within 12-13 hours after 
partaking of food. In the fasting condition or after starving for 18 hours 
they found 50 to 70 grams per hour, sometimes 120 grams and above, espe- 
cially in the first few hours after powerful muscular exercise. 

Several circumstances have a marked influence on the extent of lymph 


^ Hensen, Pfluger^s Arch., 10; Lang, see Maly’s Jahresber., 4. 
^ Joiirn. of Physiol., 11. , 
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■ secretion. During starvatioii , less lymph is. secreted 'than '.after partaking* 
.of. fond.^'. Kassb ^ has observed in dogs 'that the. formation of lymph is 
increased. 36 per cent more after deeding mth meat than after feeding with 
potatoes, and about 54 per, cent more than after 24, hours ^ deprivation of 
food. In this connection mention must be made of the important observa- 
tions of .■ .Asher and' Barbbra^ that with pure protein diet the , lymph 
current, is increased in the thoracic cavity /and also that the increase in , the 
lymph secretion runs parallel, with the elimination of nitrogen in the urine, 
i.e., with the absorption of the protein from the digestive tract. 

An increase in the total quantity of blood, as by transfusion of blood, 
also especially on preventing the flow- of blood by means of ligatures, causes 
an increase in the quantity of lymph. According to Heidenhain, on the 
contrar}^ a very considerable change in the pressure in the aorta causes 
only a little change in the abundance of the lymph-flow. The quantity of 
lymph may be raised by powerfully active and passive movements of the 
limbs (Lesser). Under the influence of curare, an increase of the lymph 
secretion is observed (Paschutin, Lesser^), and the quantity of solids in 
the lymph is also increased. 

The bodies inciting lymph-flow, the so-called lym'phagogues, are of espe- 
cially great interest, and they may, according to Heidenhain/ be divided 
into two different chief groups. The lymphagogues of the first series — 
extracts of crab-muscles, blood-leech, anodons, liver and intestine of dogs, 
as well as peptone and egg albumin, strawberry extracts, metabolic products 
of bacteria and others — cause a greatly increased secretion of lymph with- 
out raising the blood-pressure, and in this way the blood-plasma becomes 
poorer in proteins and the lymph richer than before. For the formation 
of this lymph, wiiich Heidenhain designates blood-lymph, we must admit 
with him that a special secretory activity of the capiiiary-wall endothelium 
exists. The lymphagogues of the second series, such as sugar, urea, sodium 
ehioride, and other salts, also cause an abundant lymph formation. The 
blood, as w'eil as the lymph, thereby becomes richer in water. This 
increased amount of water depends, according to Heidenhain, upon an in- 
creased delivery of water by the tissue-elements, and this lymph is chiefly 
tissue-lymph, according to him. Diffusion is no doubt of great impor- 
tance in the formation of this lymph, but the secretory activity of the 
endothelium is also of importance, at least for certain bodies, such as sugar. 

^ Cited from Hoppe-Seyler, Physiol Chem., 593. 

^ The works of Asher and collaborators, Barbara, Gies, and Busch, upon lymph 
formation may be found in Zeitschr. f. Biologie, 36, 37, 40. 

® Lesser, Arbeiten aus der physiol Anstalt zu Leipzig, Jahrgang 6; Paschutin, 

ibid,, 7. • . ‘ ' 

^Heidenhain, Pfiuger's Arch., 49; Hamburger, Zeitschr. f. Biologie, 27 and 30. 
See especially Ziegler's Beitr. zur Path. u. zur allg, Pathol, 14, 443; also Arch. f. 
(Aiuat. u.) -Thysiol, '1895 and 
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In the past^ the formation of lymph was explained in a purel}^ physical 
way by the united action of filtration from the blood and the osmosis 
between the blood and tissue-fluid. Later Heidenhaix and Hamburger 
ascribed a special activity to the capillary endotheliimi, assuming that 
they take part in the formation of lymph in a secretoiy manner. 

Another view which also besides the physical processes is of especial 
physiological moment in the explanation of lymph formation was sug- 
gested by Asher and his collaborators (Barbera, Gies, and Busch). 
According to them the lymph is a product of the work of the organs; its 
amount is dependent upon an increased or diminished activity of the organs, 
and the lymph is therefore a measure of the work in these. The close 
relation between lymph formation and the work of organs has also been 
shotvn for several of them, especially for the liver. Starling has shown 
that after the introduction of lymphagogues of the first series, chiefly liver 
lymph is secreted, which he claims is a proof against Heidenhain’s view, 
and he explains the increased permeability of the vessel wall by the fact that 
these bodies have a poisonous irritating action. On the contrary, Asher 
explains this increased lymph-flow by the statement that the substance in 
question — as well as those influences which incite the activity of the liver 
— produces an increased formation of lymph in these organs. This view^ is 
supported by experiments upon the action of lymphagogues on blood coag- 
ulation and liver activity (Delezenne and others), for, according to Gley, 
these bodies have at the same time a lymphagogue action and an action 
upon the secretion of the glands. We have no direct evidence of the action 
of the lymphagogues of the first series upon the organs, but we know from 
Kusmine's work that peptone, leech extract, and the extractives of the 
crab-muscles act directly upon the liver-cells and bring about morpho- 
logical changes. The connection between organ activity and lymph for- 
mation has also been shown upon muscles and glands by others besides the 
above-mentioned investigators (Hamburger, Bainbridge i). . 

The extent of organ work certainly essentially influences the quantity 
and properties of the lymph. Still from tliis we cannot di'aw any positive 
conclusions as to whether the lymph formation is brought about by physico- 
chemical processes alone or whether in tliis process a specific, not closely 
definable secretoiy force is at work at the same time. In regard to this 
much-disputed question attention must be called in the first place to the 
fact that the important works of Heidenhain, Hamburger, Lazaeus- 
BARLOwr, and others, as well as the investigations of Asher and Gies and of 
Mendel and Hooker^ upon the lengthy post-mortem lymph-flow, have 

^ In I'egard to the works cited, as well as the literature upon lymph formation, see 
Ellinger, '‘ Die Bildimg der Lymphe,” Ergebnisse der Physiol., I, Afot, 1,..1902, and 
Asher, Biochem. CentralbL, 4. 

* Amer. Journ. of Physiol,, 7,. 
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showR that the older filtration hypothesis is untenable.' '' That the ■ part 
played b.y filtration as compared with that of the osmotic force is only 
" ver}" trivial: has been conclusively shown by the adherents of the physico- 
chemical theory of lymph formation. 

Several investigators (Kokanyi, Stabling, Roth, Ashek, and others)' 
have shovm clearly that the work in the glands and tissue-cells must cause a 
difference in the osmotic pressure upon the two sides of the capillary wall. 
That this is so follows from several circumstances and especially from the 
fact that, in dissimilation in the cells, bodies of high molecular weight are 
split into a number of smaller molecules, which latter, either directly, if they 
leave the cells and pass into the tissue-fluid, or indirectly, when they remain 
in the cells, produce an increase in the osmotic tension within the cells, and 
in this way cause a taking up of water from the fluid and must therefore 
increase the osmotic pressure of the tissue-fluids. As the cells can by syn- 
thesis build up highly complex constituents from simple molecules, and as 
the chief products of catabolism are carbon dioxide and water, it is diffi- 
cult to explain these intricate conditions. Still, irrespective of whatever 
view, a change in one or the other direction in the osmotic pressure upon 
both sides of the capillary wall must be produced hereby. Whether this 
and other physico-chemical processes are alone sufficient to explain the 
lymph formation (Cohnstein, Ellinger) remains an open and disputed 
question.^ 

n. Transudates and Exudates. 

The serous membranes are normally kept moistened by liquids whose 
quantity is sufficient only in a few instances, as in the pericardial cavity 
and the subarachnoidal space, for a complete chemical analysis to be made 
of them. Under diseased conditions an abundant transudation may take 
place from the blood into the serous cavities, into the subcutaneous tissues, 
or under the epidermis; and in this way pathological transudates are 
formed. Such true transudates, which are similar to lymph, are gener- 
ally poor in form-elements and leucocytes, and yield only very little or 
almost no fibrin, while the inflammatory transudates, the so-called exu- 
dates, are generally rich in leucocytes and yield proportionally more fibrin. 
As a rule, the richer a transudate is in leucocytes the closer it stands to 
pus, while a diminished quantity of leucocytes renders it more nearly like a 
real transudate or lymph. 

It is ordinarily accepted that filtration is of the greatest importance 
in the formation of transudates and exudates. The facts coincide with 
this view that all these fluids contain the salts and extractive bodies 


* Ob this question see Ellinger, '^Die Bildung der Lymphe/' Ergebnisse der Phy- 
siologie, I, Abt. 1, 355, and Asher, Biochem. CentralbL, 4, pp. 1 and 45. 
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occurring' ill the ■ blood-plasma in about the same, quantity as, the blood- 
plasma, while the amount of proteins is habitually smaller. While the 
different fluids belonging to this group ha\^ about the same quantities of 
salts and extractive bodies, they differ from one another chie% in con- 
taining differing quantities of protein and form-elements, as well as vaiy- 
ing quantities of transformation and decomposition products of these 
latter — changed blood-coloring matters, cholesterin, etc. The correspond- 
ence in the amount of salts and extractive bodies present in the blood and. 
in transudates supplies just as little proof for a filtration as it does for 
the formation of lymph; but still it cannot be doubted for other reasons 
that filtration is often of great importance in the formation of a transu- 
date. To what extent filtration is active in the perfectly normal vascular 
wall cannot be answered. 

The altered permeability of the capillar}^ walls in disease is a second 
important factor in the formation of transudates. The circumstance that 
the greatest quantity of protein occurs in transudates in inflammatory 
processes, to which is also due the abundant quantity of form-elements in 
such transudates, has been explained by this hypothesis. The greater 
quantity of protein in the transudates in formative irritation is in great 
part explained by the large amount of destroyed form-elements. The 
interesting obseiwation made by Paijkull,^ that in such cases in which an 
inflammatory irritation has taken place the fluid contains nucleoalbumin 
(or nucleoproteid?), while this substance does not occur in transudates 
in the absence of inflammator}^ processes, can be explained by the pres- 
ence of form-elements. Still, such a phosphorized protein substance does 
not occur in all inflammatory exudates. 

As the secretory importance of the capillary endothelium has been made 
probable by the investigations of HEiDEisrHAiN, it is a priori to be expected 
that an abnormally increased secretory activity of the endothelium is a 
cause of transudates. Those observations which substantiate such an 
assumption can also be explained just as well by assuming a changed 
permeability of the capillary walls. 

The vaiyung quantities of protein observed by C. Schmidt in the 
tissue-fluids in different vascular regions can perhaps be explained by the 
different condition of the capillar}^ endothelium. For example, the amount 
of protein in the peeicahdial, pleukal, and pebitoneal fluids is con- 
siderably greater than in those fluids which are found in the subabach- 
noidal space, in the subcutaneous tissues, or in the aqueous humob, 
which are poor in protein. The condition of the blood also greatly affects 
the transudates, for in hydrsemia the amount of protein in the transudate 


^ See Malyhs Jahresber., 22. 

* Cited from Hoppe-Seyler, Physiol. Chem., 607 
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is very small. 'With, the increase in the age of a transudate, of a hydrocele 
' fluid for instance, the quantit}^ of protein is increased, probably by resorp- 
tion of water, and indeed exceptional cases may occur in which the amoun.t 
'of protein, without' any previous hemorrhage, is even greater than, in the 
blood-serum. 

■ The proteinS' of transudates are chiefly seralbumin, serglobulin, and a 
little fibrinogen. Proteoses and qeep tones do mot occur, excepting perhaps 
: in the cerebrospinal fluid, and in those cases where an autolysis lias,, take'n, 
place in the liquid,^ The non-inflammatoiy transudates as a rule undergo 
spontaneous coagulation not at all, or only very slowly. On the addition of 
blood or blood-serum they coagulate. Inflammatory exudates coagulate 
spontaneously, and Paijkull has shown that these often contain nucleo- 
proteid (or nucleoalbumin). In inflammator}" exudates a protein sub- 
stance has been habitually observed which is precipitated by acetic acid, 
but wflich does not occur in transudates, or only in very small quantities. 
This substance, which has been observed and studied by Moritz, Staehelix, 
Umber, and Rivalta, is claimed by the first three observers to be free 
from phosphorus, while Rivalta considers it to be a phosphorized pseudo- 
globulin. Umber calls it serosamiLcin, although it yields only very little 
reducing carbohydrate. According to Joachim ^ it is only a part of the 
globulin, a view which cannot be correct for all cases, v. PIolst ^ has so 
far substantiated Umber’s observation in that he has isolated a mucin 
substance from an ascitic fluid in carcinoma of the stomach and the peri- 
toneum, which seemed to be identical with Umber’s serosamucin, as wrell 
as with the synovial mucin. There does not seem to be any doubt that 
in transudates and exudates different protein substances ma}?' occur under 
different circumstances, although the globulins form besides seralbumin 
ordinarily the chief mass of the protein bodies. IWucoid substances, which 
were first observed by Hammarsten in certain cases of ascites without 
complications with ovarial tumors, and which are cleavage products of a 
more complicated substance, seem according to Paijkull ^ to be regular 
constituents of transudates and are closely related to the above-mentioned 
serosamucin. 

There are numerous investigations on the relationship between globu- 
lin and seralbumin, and Joachim has recently determined the relationship 


^ Umber, Mimch, med. Wochenschr., 1902, and Berlin, klin. Wochenschr., 1903. 
In regard to the autolysis in transudates, see also Galdi, Bioehem. CentralbL, §; Ep- 
pinger, Zeitschr. f. Heilkunde, 35; and Zak, Wien. kiln. Wochenschr., 1905. 

2 Paijkull, L c.; Moritz, Miinch. med. Wochenschr., 1903; Staehelin, ibid,, 1902; 
Umber, Zeitschr. f. klin. Med., 48; Rivalta, Bioehem. Centraibl., 2 and 5; Joachim, 
Pfluger’s Arch., 93. . ' ' , , 

^ Zeitschr. f. physiol. Chem., 43. 

* Hammarsten, 15; Paijkull, L c. 
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between' eiiglobiilin and the total 'globulm,. ' No' eonclusive. 'results can be' 
drawn from these determinations. The relationship between giobulin.and 
seralbumin varies very much in different eases, but, as Hoffmann and 
P1GE.AND 1 have shown, the variation is in each case the same as in the 
blood-serum of the individual. 

' The ■ specific gravity runs nearly parallel with the quantity of protein.. 
The . var}fing specific gravity, has been suggested as a means of differentiation 
between transudates and exudates hy^REUSS,^ as the first often show a 
specific gravity below 1015-1010, while the others have a specific gravity 
of 1018 or above. This rule holds good in many, but not in all cases. 

The gases of the transudates consist of carbon dioxide besides small 
amounts of nitrogen and traces of oxygen. The tension of the carbon 
dioxide is greater in the transudates than in the blood. When mixed 
with pus, the amount of carbon dioxide is decreased. 

The extractives are, as above stated, the same as in the blood-plasma; 
but sometimes extractive bodies occur, such as allantoin in dropsical fluids 
(Moscatelli^), which have not been detected in the blood. Urea seems 
to occur in very variable amounts. Sugar also occurs in transudates, but 
it is not known to wEat extent the reducing power is due, as in blood- 
serum, to other bodies. A reducing, hon-fermentable substance has been 
found by PicxARDT in transudates. The sugar is generally dextrose, but 
levulose seems to have been found ^ in several cases. Sarcolactic acid has 
been found by C. Ktinz ^ in the pericardial fluid from oxen. Succinic acid 
has been found in a few cases in hydrocele fluids, while in other cases it 
is entirely absent. Leucine mxd tyrosine \iqn% been found in transudates 
from diseased livers and in pus-like transudates which have undergone 
decomposition, and after aiitolysis. Among other extractives found in 
transudates must be mentioned uric acid, xanthine, creatine, inosiie, and 
pyrocatechin (?). 

The division of the nitrogenous substances in human transudates and 
exudates has so far been little studied. Otori ^ has found that no essentia! 
difference exists between serous exudates and transudates in regard to the 
quantity of urea and amino-acids. The amount of total nitrogen and 
proteins runs parallel with the specific gravity, and the same is generally 
true for the absolute values for amino-acid nitrogen and purine nitrogen. 

^ Joachim, L c.; Hoffmann, Arch. f. exp. Path. u. Pharm., 16; Pigeand, see Malyhs 
Jahresber., 16 . ^ ' 

Eeuss, Deutsch. Arch. f. klin. Med., 28. See also Otto, Zeitschr. f. Heilkunde, 17. 

^ Zeitschr. f. physiol. Chem,, 16. A 

* Pickardt, Berl. klin, Wochenschr., 1897. See also Rotmann, Miinch. med. Woeh- 
enschr., 1898; Neuberg and Strauss, Zeitschr. f. physiol. Chem., 30- ' . ' . 

® Zeitschr. f. Biologic, 32. ‘ ''"'''’A-';'''''' 

® Zeitschr. f. Heilkunde, 26. . ' " ^ ^ ’'';A iA- ;'v'- 
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The aniino-acid nitrogen and the urea nitrogen in pus, are^ greater as the 
specific gravity rises. In serous exudates and transudates, on the contrary, 
the amino-acid' nitrogen and the urea nitrogen are not proportional to the 
specific gravity, but are dependent upon the general circulatory condition 
of the body. ■ 

The investigations upon the molecular concentration have shown that 
no essential and constant difference exists between exudates and transu- 
dates. The osmotic concentration and the concentration of the electrolytes 
are as a rule the same as in blood-serum, although sometimes rather di- 
vergent results have been found. The concentration of the electrolytes 
shows according to BoDON,Mike the blood-serum, much less variation than 
the total concentration. The alkalinity determined by titration is about 
the same in transudates and exudates and is equal to that of the blood- 
serum. The determination of the HO-ion concentration has shown that the 


transudates and exudates in this regard are about as neutral as the blood- 
serum (Bodon). 

As above stated, irrespective of the varying number of form-elements 
contained in the different transudates, the quantity of protein is the most 
characteristic chemical distinction in the composition of the various trans- 
udates; therefore a quantitative analysis is of importance only in so far 
as it considers the quantity of protein. On this account, in the following, 
relative to the quantitative composition, chief stress will be put on the 
quantity of protein. 

Pericardial Fluid, The quantity of this fluid is, even under physio- 
logical conditions, so large that a sufficient quantity for chemical inves- 
tigation has been obtained (from persons who had been executed). This 
fluid is lemon-yellow in color, somewhat sticky, and yields more fibrin than 
other transudates. The amount of solids, according to the analyses per- 
formed by V. Gorup-Besanez, Wachsmuth, and Hoppe-Seyler^ is 


37.5-44.9 p. m., and the amount of protein is 22.8-24.7 p. m. The analysis 
made by Hammarsten of a fresh pericardial fluid from a young man who 
had been executed yielded the following results, calculated in 1000 parts by 


weight: 


Water ; 960.85 

Solids 39.15 

Proteins 28.60* 

Soluble salts 8.60 

Insoluble salts 0.15 

Extractive bodies 2.00 


Fibrin 0.31 

Globulin 5.95 

Albumin... 22.34 
NaCl. ;7.28 ^ 


^ Pfliiger's Arch., 104, where the literature on this subject may be found. 

^v. Gorup-Besanex, Lehrbuch d. physiol. Chem,, 4. Aufl,, 401; Wachsmuth, Vir- 
chow's Arch., 7; Hoppe-Seyler, Physiol. Chem., 605, 
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Feiend,^ has found nearly the same com]DOsition for a pericardial fluid 
.from a horse^ with the exception that this liquid was relatively richer in 
globulin. The ordinaiw statement that pericardial fluids are richer in 
fibrinogen . than other transudates, is . hardly based on sufficient p.roof. In 
a case of chylopericardiiim^ which was probably due to the rupture of a 
chylous vessel or caused by a capillary exudation of c,hy!e because of stop- 
pagej, Hasebkoek^ found in 1000 parts of the fluid 103.61 parts solids., 
73.79 parts proteins, 10.77 parts fat, 3.34 parts ■ cholesterin, ,1.77 parts 
lecithin, and 9.34 parts salts. 

The pleural fluid occurs under physiological conditions in such small 
quantities that a chemical analysis of it cannot be made. Under patho- 
logical conditions this fluid may show very variable properties. In cer- 
tain cases it is nearly serous, in others again sero-fibrinous, and in others 
similar to pus. There is a corresponding variation in the specific gravity 
and the properties in general. If a pus-like exudate is kept enclosed for a 
long time in the pleural cavity, a more or less complete maceration and 
solution of the pus-corpuscles is found to take place. The ejected yellowish- 
browm or greenish fluid may then be as rich in solids as the blood-serum; 
and an abundant flocculent precipitate of a nucleoalbiimin or nucleopro- 
teid (the pt/in of early wTiters) may be obtained on the addition of acetic 
acid. This precipitate is soluble with difficulty in an excess of acetic acid. 

Numerous analyses, by many investigators,^ of the quantitative com- 
position of pleural fluids under pathological conditions have been published. 
From these analyses w^'e learn that in hydrothorax the specific gravity is 
loW'Gr and the quantit}?' of protein less than in pleuritis. In the first case 
the specific gravity is generally less than 1.015, and the quantity of protein 
10-30 p. m. In acute pleuritis the specific gravity is generally higher than 
1020, and the quantity of protein 30-65 p. m. The quantity of fibrinogen, 
which in hydrothorax is about 0.1 p. m., may amount to more than 1 p. m. 
in pleuritis. In pleurisy \vith an abundant accumulation of pus, the specific 
gravity may rise even to 1.030, according to the observations of Hammae- 
sten. The quantity of solids is often 60-70 p. m., and may be even more 
than 90-100 p. m. (Hammaesten). Mucoid substances have also been 
detected in pleural fluids by Paijktjll. Cases of chylous pleurisy are also 
known; in such a case found 17.93 p. m. fat and cholesterin in 

the fluid. 

The quantity of peritoneal fluid is very small under physiological condi- 

^ Halliburton, Text-book of Chem. Physiol., etc., London, 1904. 

^ ^eitschr. f. physiol. Chem., 12. 

2 See the works of Mehii, Runeberg, F. Hoffmann, Reuss, all of which are cited in 
Bernheim's paper in Yirchow^s Arch., ISl, 274. See also Paijkuli, I, c., and Halli- 
burton's Text-book, 346; Joachim, 1.- c. ; , . 

^ Arch. gin. de med., 1SS6, 2, cited from Maly's Jahresber.. 16. ,, . ; 
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tions. The iavestigatioiis refer oaly ,to the. fluid under diseased' coiidi'tions 
(dropsical or ascUic jiiiidl), Tlie coloiy' traiispareiicy^ and eoiisisteney of 
these may vary greatly. ■ 

In cachectic, conditions or. a Iiydriumic condi'tioii of the blood the' fluid 
lias little color/ .is .milky; opalescent;. waterV; does not, coagulate spon- 
taneously, lias a very^ low specific gTavity, 1.005~1.010--1.015. and is nearly 
free from form-e!eme.iits. The ascitic fluid .in-portal stagnation^ or in 
general venous .congestion, ' has a low. 'specific gravity and ordinarily less 
than 20 p. m. protein, although in certain cases the . quantity of protein, 
may rise to 35 p. m. In carcinomatous, peritonitis it may have a cloudy, 
dirty -g.ray appea.rance, due to itS' richness i.n form-elements,,, of various kinds. . 
The specific gravity is then higher, the quantity of solids greater, and it 
often coagulates spontaneously. In inflammatory processes it is straws- or 
lemon-yellow in color, somewhat cloudy or reddish, due to leucocytes and 
red blood-corpuscles, and from great richness in leucocytes it may appear 
more like pus. It coagulates spontaneously and may be relatively richer in 
solids. It contains regularly 30 p. m. or more protein (although exceptions 
with less protein occur), and may have a specific graxity of 1.030 or above. 
On account of the rupture of a chylous vessel, the dropsical fluid may be rich 
in very finely emulsified fat (chylotts ascites). In such cases 3.86-10.30 
p. m. fat has been found in the dropsical fluid (Guinochet, Hay ^), and even 
17-43 p. m. has been found by Minkowski. 

As first shown by Gross, an ascitic fluid may have a chylous appearance 
without the presence of fat, i.e., pseudochylous. The cause of the chylous 
properties of a transudate is not knowm, although numerous investigators, 
such as Gross, Bernert, jMosse, and Strauss, have studied the subject; 
sex-eral observations, however, seem to shoxv that it is connected with the 
amount of lecithin contained therein. In a case investigated by H. Wolff ^ 
the oleic-acid ester of cholesterin was combined either chemically or molecu- 
larly with the euglobiilin. 

By admixture of ascitic fluid with the fluid from an ovarian cyst the 
former may sometimes contain pseudomucin (see Chapter XIII). There 
are also cases in wiiich the ascitic fluid contains mucoids which may be 
precipitated by alcohol after removal of the proteins by coagulation at 
boiling temperature. Such mucoids, which yield a reducing substance on 
boiling with acids, have been found by Hammarsten in tuberculous peri- 
tonitis and in cirrhosis liepatis syphilitica in men. According to the 
investigations of Paijkull, these substances seem to occur often and perhaps 
habitually in the ascitic fluids. 

, , , ^ Guinocliet, see Strauss, Arch, de Physiol., 18. See Maly's Jahresber., 16, 475. 

^ Gross, Arch. f. exp. Path. u. Pham., 44; Bernert, iMd., 40; Mosse, Leyden^s 
Festschrift, 1901; Strauss, cited in Biochem. Centralbl, 1, 437; Wolff, Hofmeisteris 
Behrage, 5. 
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/ xAs the quantity: of protein in ascitic' fluids is. dependent upon the same 
factors as „in other transudates and- exudates^ it, is .siifBcient ■ to give the 
following example of' the composition, taken' fro.m Bernheim’s ^ .treatise. 
The' re'sults are expressed in 1000 parts of the fluid: 



Max. 

Min. 



^lean. 


Cirrhosis of the liver. 

. 34.5 

5.6 

9. 

,69--21, 

.06 

;j BrighFs disease ......... 

. 16.11 

10.10 

5. 

,6 

—10, 

.36 

Tuberculous and idiopathic peritonitis. . 

. 55.8 

18.72 

30. 

7 

—37, 

.95 

I'.;'' ' ' Carcinomatous peritonitis . ............. 

.54.20 

27.00 

35. 

T 

—58, 

.96 


Joachim found the highest relative globulin amounts and lowest albumin 
percentages in cirrhosis; in carcinoma, on the contrary, the lowest globulin rind 
the highest albumin. The values in cardiac stagnation stand between the cin 
rhosis and carcinoma percentages. 

I ^rra has also been found in ascitic fluids, sometimes only as traces, some- 
times in larger quantities (4 p.m. in albuminuria), also uric acid^ allantoin in 
cirrhosis of the liver (JIoscatellt), xanthine, creatine, cholesterin, sugar, diastatic 
and proteolytic enzymes, and according to Hamburger “ also Ob lipase. 

Hydrocele and Spermatocele Fluids. These fluids differ essentially 
from each other in various wa 3 ^s. The hydrocele fluids are generally colored 
light or dark yellow, sometimes brownish with a shade of green. They 
have a relatively higher specific gravity, 1.016-1.026, with a variable but 
generally higher amount of solids, an average of 60 p. m. They sometimes 
coagulate spontaneously, sometimes onlj’^ after the addition of fibrin ferment 
or blood. They contain leucocytes as chief form-elements. Sometimes 
they contain smaller or larger amounts of cholesterin crystals. 

The spermatocele fluids, on the contrary, are as a rule colorless, thin, and 
cloudy like water mixed with milk. They sometimes have an acid reaction. | 

They have a lower specific gravity, 1.006-1.010, a lower amount of solids-— 
an average of about 13 p. m. — and do not coagulate either spontaneously 
or after the addition of blood. They are, as a rule, poor in protein and fi 

contain spermatozoa, cell-detritus, and fat-glohules as form-constituents. To ; 

show the unequal composition of these two kinds of fluids w^e will give the 
average results (calculated in parts per 1000 parts of the fluid) of seven- i 

teen analyses of hydrocele fluids and four of spermatocele fluids made by i 


^ Hydrocele, Spermatocele. 

Solids 61.15 12.17 

Fibrin 0.59 

Globulin 13.25 0.59 

Seralbumin ’ 35.94 1.82 

Ether extractive bodies 4.021 

^ Soluble salts , 8.60 1 10.76 

Insoluble salts ' 0.66 j 


^ i. c. As it was impossible to derive- mean figures' from those given by Bernlieim, 
the author has given the maximum and minimum of the averages given by him. 

® Fpsala Liikaref. Forh., 14, and Malyhs Jahresber., 8, 347. , ‘ 
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In the h^^'drocele fluid traces of urea and a reducing substance have been 
found, and in a few cases dim mccimc acid mA inosite, A hydrocele fluid may, 
according to Devillard/ sometimes contain paralbumin or metalbumin (?). 
Cases of chylous hydrocele are also kirown. 

Cerebrospinal Fluid. The cerebrospinal fluid is thin, water-clear, of 
low specific gravity, 1.007-1.008. The spina bifida fluid is very poor in 
solids, 8-10 p. m., with only 0.19-1.6 p. m. protein. The fluid of chronic 
hydrocephalus is somewhat richer in solids (13-19 p. m.) and proteins. 
According to Hallibukton the protein of the cerebrospinal fluid is a 
mixture of globulin mA 'proteoBe; occasionally some peptone occurs, and 
more rarely, in special cases, seralbumin appears. The statements of 
Halliburton on the occurrence of proteose do not coincide with the ob- 
servations of other investigators (Panzer, Salkowski^). In general 
paralysis Halliburton and Mott have obtained a nucleoproteid in the 
cerebrospinal fluid. Choline occurs in several diseases, as in general paral- 
ysis, brain-tumors, tabes dorsalis, and epilepsy (Halliburton and Mott, 
Donate s). Dextrose , or at least a fermentable sugar, occurs habitually 
in the cerebrospinal fluid, while the statements of Halliburton as to the 
occurrence of a substance similar to pyrocatechin could not be substantiated 
by Nawratzki,^ and hence this substance does not exist in all cerebro- 
spinal fluids. Urea occurs in cerebrospinal fluids, but not always. The 
variable relationship between potassium and sodium^ is probably due, 
according to Salicowsxi, to the absence or presence of fever during the 
formation of the exudate; the amount of potassium is high in the acute 
cases and low in the chronic ones. According to Cavazzani ® who has es- 
pecially studied the cerebrospinal fluids, the alkalinity of these fluids is 
considerably less than that of the blood and independent of this last fluid. 
For this and several other reasons Cavazzani draws the conclusion that the 
cerebrospinal fluid is formed by a true secretory process. 

Aqueous Humor. This fluid is clear, alkaline towards litmus, and has 
a specific gravity of 1.003-1.009. The amount of solids is on an average 
13 p. m., and the amount of proteins only 0.8-1.02 p. m. The protein con- 
sists of seralbumin and globulin and very little fibrinogen. According to 
Gruenhagen it contains paralactic acid^ another dextrogyrate substance, 


^ Bull. Soe. chim., 49, 617. 

2 Halliburton’s Text-book; Panzer, Wien. klin. Wochenschr., T899; Salkowski, 
Jafle Festsclirift, 265. 

. ® Halliburton and Mott, Phil Transact. Roy. Soe. London, Series B, 191; Donatb, 
. 2Ieitschr- f. physiol. Chem., 39 and 42; see also Mansfield, ibid., 42. 

^Zeitschr. f. physiol. Chem., 23. See also Rossi, ibid,. 39 (literature). 

; ®Soe Salkowski, 1. c. New quantitative analyses of cerebrospinal and hydro- 
cephalus fluids may be found in the cited works of Nawratzki, Panzer, and Salkowski. 
^See Maly’s Jahresber., 22, 346, and Centralbl. ' f. Physiol, 15, 216. 
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and a reducing body which is not similar to dextrose or dextrin. Pautz ^ 
found urea and sugar in the aqueous humor of oxen. 

Blister-fluid. The content of blisters caused by burns, and of vesicatory 
blisters and the blisters of the pemphigus chronicuSj is generally a fluid 
rich in solids and proteins (40-65 p. m.). This is especially true of the 
contents of vesicatory blisters. In a burn-blister K. Mornek^ found 50.31 
p. m. proteins, among which were 13.59 p. m.. globulin and 0.11 p. m. fibrin. 
The fluid contains a substance which reduces copper oxide, but no pyro- 
catechin. The fluid of the pemphigus is alkaline in reaction. A wound 
secretion collected by Lieblein ^ under aseptic conditions was alkaline in 
reaction and contained less protein than the blood-serum. It formed 
a slight fibrin clot and contained proteoses only at first or at the beginning 
of the abscess formation. As the wound healed, the relationship between 
the globulin and albumin changed, and on the third day of the healing 
the quantity of albumin was at least nine tenths of the total protein. 

The fluid of subcutaneous osdema. This is, as a rule, ver}^ poor in 
solids, purely serous, does not contain fibrinogen, and has a specific gravity 
of 1.005-1.013. The quantity of proteins is in most cases lower than 10 
p. m., — according to Hoffmann 1-8 p. m., — and in serious affections of 
the kidneys, generally with amyloid degeneration, less than 1 p. m. has been 
shown (Hoffmann^). The cedematous fluid also habitually contains ureuy 
1-2 p. m., and sugar. 

The FLUID OF THE ECHINOCOCCUS cyst is related to the transudates and is poor 
in proteins. It is thin and colorless, and has a specific gravity of 1.005-1.015. 
The quantity of solids is 14-20 p. m. The chemical constituents are sugar (2.5 
p. m,), inosite, traces of urea, creatine, succinic acid, and salts (8.3-9 .7 p. m.). 
Proteins are found only in traces, and then only after an inflammatory irritation. 
In the last-mentioned case 7 p. m. proteins have been found in the fluid. 

The Synovial Fluid and Fluid in Synovial Cavities around Joints, etc. 
The synovia is hardly a transudate, but it is often discussed in an appendix 
to the transudates. 

The synovia is an alkaline, sticky, fibrous, yellowish fluid which is 
cloudy, from the presence of cell-nuclei and the remains of destroyed cells, but 
is also sometimes clear. It contains also, besides proteins and salts, a mucin 
substance, synoviamucin (v. Holst ^). In pathological synovia Hammar- 
STEN has found a mucin-like substance which is not mucin. It behaves 
like a nueleoalbiimin or a nucleoproteid and gives no reducing substance 
on boiling with acids. Salkowski ^ also found a mucin-like substance in a 

^ Gnienhagen, Pfliiger's Arch., 43; Pautz, Zeitschr. f. Biologic, 31. 

- Skand. Arch. f. Physiol., 5. 

^ Habiiitationsschrift Prag, 1902, printed by H. Laupp, Tubingen. 

^ Deutsch.\Areh.:'f .Min. 

® Zeitschr. f. physiol. Chem., 43. , ' \ 

^ Hanomarsten, Maly’s Jahresber., 12; Salkowski, Virchow’s Arch., 131, ^ 
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pathological synovial fluid, which was neither mucin nor nucleoalbumin. 

He called tile substance 

The composition of syimvia is not ■ constant, but is diSerent in rest, and 
ill motion. In the last-mentioned case the quantity of fluid is less, but tlie 
amount of the mucin-like body, of, proteins, and of the extractive bodies is 
greater, while the quantity of salts, is diminished. This may be seen from 
,the ,followiiig. analyses', by FREEiCHsd The figures rep.resent parts |3er 1000., 



I. Synovia from 

II. Synovia f,rom 


a Stall-fed ox. 

a Fieid-fed ox. 

Water ' 

969.9 

948.5 

Solids 

......... 30.1 

51.5 ■■ 

Mucin-like body ... — 

2.4 

. 5.6 

Albumin and extractives . .... 

1,5.7 

35.1 ,' 

Fat 

0.6 

0,7 

Salts 

11.3 

9.9 


The synovia of new-born babes corresponds to that of resting animals. 
The fluid of the bursae mueosie, as also the fluid in the synovial cavities 
around joints, etc., is similar to synovia from a qualitative standpoint. 

m. Pus. 

Pus is a yellowish-gray or yellowish-green, creamy mass of a faint odor 
and an unsavory, sweetish taste. It consists of a fluid, the pus-serum^ in 
which solid particles, the pus-cells, swim. The number of these cells varies 
so considerably that the pus may at one time be thin and at another time 
so thick that it scarcely contains a drop of serum. The specific gravity, 
therefore, may also greatly vary, namely, between 1.020 and 1.040, but 
ordinarily it is l.OSl-l.OSS. The reaction of fresh pus is generally alkaline, 
but it may become neutral or acid from a decomposition in which fattv 
acids, glycerophosphoric acid, and also lactic acid are formed. It ma\^ 
become strongly alkaline when putrefaction occurs with the formation of 
ammonia. 

In the chemical investigation of pus, the pus-serum and the pus-corpus- 
cles must be studied separately. 

Pus-serum. Pus does not coagulate spontaneously nor after the addi- 
tion of defibrinated blood. The fluid in which the pus-corpuscles are 
suspended is not to be comp„ared with the blood-plasma, but rather witii 
the serum. The pus-serum is pale yellow, yellowish green, or brownish 
yellow, and has an alkaline reaction towards litmus. It contains, for the 
most part, the same* constituents as the blood-serum; but some limes be- 
sides these— when, for instance, the pus has, remained in the borly for a 
long time — it contains a nucleoalbumin or a nucleoproteid which is precipi- 
tated by acetic acid and is soluble with great difficulty in an excess of the 
aci d (p?/m of, the ol der authors). ■ This nucleoalbumin seems to be formed' 
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from the hyaline substance of the pus-cells maceration.; The pus-serum 
euniains, moreo^'er, at least in many cases, no fibrin ferment. According 
to tile analyses of Hoppe-Seyler ^ the pus-serum contains in 1000 parts: 



I. 


11. 

Water 

..A. 913 

70 

905.65 

Solids ... ■ . . . 

86 

30 

94.35 

Proteins . . 

63 

23 

77.21 

Lecithin . . 

1 

50 

0.56 

Fat . . . 

0 

.26 

0.29 

Cbolesterin . . ................. 

0 

.53 

0.87 

Alcohol extractives . . . 

r 

.52 

0.73 

Water extractives . 

11 

.53 

6.92 

Inorganic salts 

7. 

,73 

7.77 


The ash of pus-serum has the following composition, calculated to 1006 
parts of the serum: 



L 

IL 

NaCi 

5.22 

5.39 

Na,SO, 

0.40 

0.31 

Na^HPO^ 

0.98 

0.46 

NaiCO, 

0.49 

1.13 

CaaCPOj. 

0.49 

0.31 

Mg3(PO,), 

0.19 

0.12 

PO 4 (in exce.ss) 



0.05 


The pus-corpuscles are generally thought to consist in great part of 
emigrated white blood-corpuscles, and their chemical properties have 
therefore been given in discussing these. The molecular granules, fat-glob- 
uies, and red blood-corpuscles are considered rather as casual form-elements. 

The pus-cells ma}- be separated from the serum by centrifugal force, or 
b}" decantation directi}' or after dilution with a solution of sodium sulphate 
in w^ater (1 vol. saturated sodium-sulphate solution and 9 vols. w’ater), and 
tiien washed by this same solution in the same manner as the blood-cor- 
piiscles. 

The chief constituents of the pus-corpuscles are proteins of w^Mch 
the largest portion seems to be a nucleoproteid which is insoluble in 
water and which expands into a tough, slimy mass when treated with a 10 
per cent common-salt solution. Tliis protein- substance, which is soluble in 
alkali but is quickly changed thereby, is called Rovida/s hyaline substance, 
and the property of the pus of being converted into a slime-like mass by a 
solution of common salt depends on this substance. Besides this substance 
the pus-cells contain also a globulin w^hich coagulates at 48-49® C., as well 
as serglohuUn (?), seralbumin, a substance similar to coagulated protein 
(Miescher), and lastly peptone or proteose (Hofmeistee-)- very, 

remarkable that no niicleohistone or histone has been detected in the pus- 

^Mieseherin Hoppe-SeyieUs Med.-cbem. Untersuch., 441; llofmcister, Zeitsclir. f.- , 
physiol. Cbem., 4* 
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There are also found in the protoplasm of the pns-cells, besides the 
teinsy lecithm, cholesterin, xanthine bodies, fat^ and soaps. Hoppe-Seylee 
has found cerebrin, a decomposition product of a protagondike substance, 
in pus (see Chapter XII). Kossbl and Freytag^ have isolated from pus 
two substances, pyosin md pyogenin, which belong to the cerebrin group 
(see Chapter XII). Hoppe-Seyler ^ claims that glycogen appears only in 
the living, contractile white blood-cells and not in the dead pus-corpuscies. 
Several other investigators have nevertheless found glycogen in pus. The 
cell-nucleus contains nticZcm and nucleoproteids. Mandbl and Levene *^ 
have shown the occurrence oi glucothionic acid in the pus-cells. 

In regard to the occurrence of enzymes in the pus-cells it must be re- 
marked that neither thrombin nor prothrombin is found therein, although 
these bodies are generally considered as being derived from the leucocytes 
and can also be obtained from the thymus leucocytes. The occurrence 
in the pus-cells, besides catalases and oxidases, of a proteolytic enayme is 
of great interest. It is not only important for the intracellular digestion 
and for the amount of proteoses in the pus-cell, but also for the solution of 
the fibrin clot and pneumonic infiltrations (Fb. Muller, 0. Simon ^). 

The mineral constituents of the pus-corpuscles are potassium, sodium, 
calcium, magnesium, and iron. A part of. the alkalies exists as clilorides, 
and the remainder, as well as the chief part of the other bases, exists as 
phosphates. 

The quantitative composition of the pus-cells from the analyses of 
Hopfe-Sbyler is as follows, in parts per 1000 of the dried substance: 



1. 

II. 

Proteins 

........ 137,62 “I 


Nuclein 

........ 342.57 U85.85 

673.69 

Insoluble bodies 

205.661 


Lecithin 

Fat 

• 1 143.83 

75.64 

75.00 

Cholesterin .............. 

74.00 

72.83 

Cerebrin 

51.991 

102.84 

Extractive bodies 

44.33 1 


MINERAL SUBSTANCES IN 1000 PARTS OP THE DRIED SUBSTANCE. 

.... 4.34 

2.05'' 
.... 1.13 

"1.06"' 

.... 0.68 

Trac.es . '(!):; ■ 


^ 2JeitscIir. f. physiol. Chem., 17 , 452, 

® Hoppe-Seyler, Physiol. Chem., 790. 

* Biochem. Zeitschrift, 4. 

^ Fr. Muller, Verhandl, Nat. Gesellsch^ z\i .Basel, 1901; 0. Simon, Deutsch. Arch 
f. klin. Med., 70. 


NaCI .... 
Ca3(POd, 
Mg^CPO,), 
FePO^ . . . 
PO, 

K 
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Miesgher lias obtained other results for the alkali compounds^ namely, 
potassium phosphate 12, sodium phosphate 6.1, earthy phosphate and iron 
phosphate 4.2, sodium chloride 1.4, and phosphoric acid combined with organic 
substances 3.14-2.03 p. m. 

In pus from congested abscesses which have stagnated for some time 
occur -peptone (proteose), leucine and tyrosine^ free fatty acids and volatile 
fatty acids, such as formic acid, butyric acid and valerianic acid. There are 
also found chondrin {!) and glutin (?), Urea, dextrose (in diabetes), hffe- 
pigments and bile-acids ((in catarrhal icterus). 

As more specific but not constant constituents of the pus must be men- 
tioned the following: pyin, which seems to be a nucleoproteid precipitable 
by acetic acid, and also ^pyinic acid and chlorrhodinic acid, which have been 
so little studied that they cannot be more fully treated here. 

In many cases a blue, more rarely a green, color has been observed in 
the pus. This depends on the presence of micro-organisms (Bacillus pyo- 
cyaneus). From such pus Fordos and Lucke ^ have isolated a crystalline 
blue pigment, pyocyanin, and a yellow pigment, pyoxanthosCy which is pro- 
duced from the first by oxidation. 

Appendix. 

LYMPHATIC GLANDS, SPLEEN, ETC. 

The Lymphatic Glands. The ceils of the lymphatic glands are found 
to contain the protein substances occurring generally in cells (Chapter V, 
pages 141 and 142). According to Bang^ they also contain histone nucleates 
(nucleohistone) , but in smaller amounts and of a different variety from the 
better-studied nucleohistone from the thymus gland. Proteoses occur as 
products of autolysis. By a lengthy autolysis of lymph-glands Reh ^ found 
ammonia, tyrosine, leucine (somewhat scanty), thymine, and uracil among 
the cleavage products. Besides the other ordinary tissue constituents, such 
as collagen, reticulin, elastin, and nuclein, there occur in the lymphatic 
glands also cholesterin, fat, glycogen, sarcolactic acid, xanthine bodies, and 
leucine. In the inguinal glands of an old w^oman Oidtj^iann found 714.32 
p. m. water, 284.5 p, m. organic and 1.16 p. m. inorganic substances. In 
the cells of the mesenteral lymphatic glands of oxen Bang^ found 804.1 
p. m. water, 195.9 p. m. solids, 137.9 total proteins, 6.9 p. m. histone nucleate 
10.6 p. m. nucleoproteid, 47.6 p. m. bodies soluble in alcohol, and 10.5 p. m. 
mineral constituents. , • 

^ Fordos, Compt. rend., 51 and 50; Liicke, Arch. f. Min. Chirurg., 3; Boland, Cen- 

® Studier over Nucleoproteidex, Kristiania, 1902, and Hofmeister^s Beitr§,ge, 4. 

® HofmeisteFs Beitrage, S. . ■ , , . 
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The Thymu's., The cells of this gland -.are' very _ rieli, in niieleiii bodies 
, and' relatively poor in the ordinary, proteins,' but -their ' nature has mjf: been 
.closely studied. The chief interest is. attached to the 'nuclein substances. 

, ,,Kossel and, Lilienfeld first prepared ' from ' the ■ water}^ extract of the 
. gland/ by precipitating with acetic acid and then further purifying, a protein 
substance which' has been generally called nucleohistone. By the actio,ii 
of dilute hydrochloric acid upon nucleohistone it splits, according to these 
investigators, into histone and leuconuclein. The ieiiconiiclein is a true 
nuclein; hence it is a nucleic-acid compound with protein which is relati'^'ely 
poor in protein and rich in phosphorus. The more recent investigations 
of Bang, Malengreau, and Huiskamp^ upon nucleohistone all show 
that this nucleoproteid is not a unit substance but a mixture of at least 
two bodies. The views of the investigators mentioned differ quite essein 
tially from one another as to the nature of these bodies, but this is partly 
due to the different methods used by them and partly to the ready change- 
ability of the substances in question. 

Besides the real nucleohistone, B-nucIeoalbuminof Malengreau, Lilien- 
feld's histone contains a second nucleoproteid which Bang and Huisicamp 
call simple nucleoproteid, while Malengreau designates it A-nucieoa!buniin. 
This protein, w-hich contains only about 1 per cent phosphorus and winch 
is possibly identical with the nucleoproteid found by Lilienfeld in the 
thymus, yields a nuclein, but no free nucleic acid, on cleavage. As second 
cleavage product it yields, according to Malengreau, the A-histone, which 
can be readily precipitated by magnesium and ammonium sulphates from 
the ordinary B-histone of the thymus gland. The occurrence of A-histone 
in the gland has been verified by Bang, and according to Bang and Huis- 
KAMP the A-histone is not derived from the nucleoproteid, as these inves- 
tigators claim that it yields no histone. According to Bang the niieleo- 
proteid yields only an albuminate, besides the nuclein, as cleavage products. 

The true nucleohistone, which is much richer in phosphorus (the calcium 
salt containing, according to Bang, on an average 5.23 per cent P), yields 
ordinai*}?^ histone as one cleavage product and free nucleic acid as the other, 
according to the unanimous opinion of the above-mentioned investigators. 
According to Bang, whose statements on this point have been siibstaritiaied 
by Malengreau, it splits on saturating with NaCl into nucleic add and 
histone without yielding any other protein. On this account Bang does not 
consider this body as nucleohistone in the ordinary sense, i.e., not as a niicleo- 
proteid, but as a histone nucleate. The nucleohistone behaves like an add, 
whose salts, especially the calcium salt, have been closely studied by Huis- 

^Lilienfeld, 2Ieitschr. f. physiol. Chem., IS; Kossel, ibid., Zi) and 31; Bang, ibid., 
30 'and SI. See also Arch. f. Math, og 'Naturvidenskab, 25, Kristiania, 1902, and 
.Hofmeister's Beitr%e, 1 and 4; Malengreau, ^ La Cellule, 17 'and 1,0; Huiskamp, Zeit- 
schr. f. physiol. Chem,, S2, S4, and S9, ■■ 
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ivAMP. On the electrolysis of a solution, of alkali iiucleohistone in water Huis- 
KAMP found also that ' the nucleohistone collected in traces at the anode, and 
that the sodium compound is therefore ionized' in the solutions The 
nucleic acid-calcium-histone compound has been prepared^ it seems, in a 
pure state by Bang, and he found the following average composition: 
C 43.69; H5.60; N 16.87; S0.47; P5.23; Ca 1,71 per cent. The question 
as to what compound contains the A-histone remains to be investigated. 

The nucleohistone prepared by Huiskamp^s method by precipitating with CaCb 
is, according to him, a mixture of two nucleohistones, of which one, the a-nucieo- 
histone, contains 4.5 per cent phosphorus, and the other, /9-nucleohistone, contains, 
on the contrary, only in round numbers 3 per cent phosphorus.^ As the two 
nucleohistones are poorer in phosphorus than the nucleic acid-histone compound 
analyzed by Bang, and as Huiskamp on cleavage of his preparation did not, like 
Bang and Malengrbau, obtain pure nucleic acid, it is still a question whether 
Huiskamp was working with sufficiently pure substances. 

In regard to the methods used by the above investigators in the isola- 
tion of the bodies in question we must refer to the original publications. 

In connection with the so-called nucleohistone, attention must be called to 
tissue fibrinogen and cell fibrinogen, which are compound proteins, and are claimed 
by certain investigators to stand in close relation to the coagulation of the blood. 
These may be in part nucleoproteids and in part also nucleohistones. To this 
same group belong also the important cell constituents described by Alex. 
Schmidt^ and called cytoglobin and preglohulin. The cytoglobin, which is 
soluble in water, may be considered as the alkali compound of preglobulin. The 
residue of the cells left after complete extraction with alcohol, water, and salt 
solution has been called cytin by Alex. Schmidt. 

Besides the above-mentioned and the ordinary bodies belonging to the 
connective-tissue group, small quantities of fat, leucine, succinic acid, lactic 
add, sugar, and traces of iodothyrin are present. According to Gautiee ^ 
arsenic also occurs in very small amounts, and no doubt here as well as in 
other organs it is related to the nuclein substances. The richness in nuclein 
bodies explains the occurrence of large quantities of 'purine bases, chiefly 
adenine, whose quantity, according to Kossel and Schindlee,^ is 1.79 p. m. 
in the fresh organ and 19.19 p. m. in the dry substance. The bodies thymine 
and uracil (?) obtained, besides lysine and ammonia, by Kutschee, as prod- 
ucts of autodigestion of the gland, probably have a similar origin. Lilien- 
FELD ^ has found inosite and protagon in the cells of the thymus. Among 
the enzymes, besides arginase, guanase, and adenase, we must especially 
mention the enzyme studied Jones, which acts like a nuclease, splitting 
off phosphoric acid and purine bases from the nucleoproteids. This enzyme, 

^ Zeitschr. f, physiol. Chem., 39. 

^ See foot-note 5, p. i 41." "< 

* Zeitschr. f. physiol. Chem., IS. * 

® Kutscher, M; Lilienfeld, ibid., 18. iSifiiiSiflJjillK 
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■contrary to trypsin^ acts best, in acid liquids ' and ' is readily .destroyed by 
alkalies at body temperature^ The quantitative composition of the 
lymphocytes of' the thymus of a calf is, according to Lilienfeld’s analysis, 
aS' follows. The results are given in . 1000 parts of the dried substance. 


Proteids . 17 .7 

Leuconuclein 687.9 

Histone 86.7 

Lecithin ' ' 75. .1 

Fat,.„. . 40.2 

Choiesterin 44.0 

Glycogen. 8.0 


The dried substance of the leucocytes amounted to an average of 114.9 
p. m. Potassium and phosphoric acid are prominent mineral constituents. 
Lilienpeld found KH 2 PO 4 amongst the. bodies soluble in alcohol. 

Attention must be called to the analyses of Bang, ^ which show that the 
thymus contains about the same quantity of nucleoproteid, but about five 
times as much histone nucleate as the lymphatic glands — calculated in both 
cases upon the same amount of dry substance. Oidtmann^ found 807.06 
p. m. water, 192.74 p. m. organic and 0,2 p. m. inorganic substances in the 
gland of a child two weeks old. 

The Spleen. The pulp of the spleen cannot be freed from blood. The 
mass which is separated from the spleen capsule and the structural tissue 
by pressure and which ordinarily serves as material for chemical investiga- 
tions is therefore a mixture of blood and spleen constituents. For this 
reason the proteins of the spleen are little known. The nucleoproteid 
isolated by Levene and Mandel is to be considered as a true spleen con- 
stituent. The ferruginoiis albuminate has been considered as a spleen 
constituent for a long time, and especially also a protein substance which 
does not coagulate on boiling, and which is precipitated by acetic acid 
and yields an ash containing much phosphoric acid and iron oxide 

The pulp of the spleen, when fresh, has an alkaline reaction, but quickly 
turns acid, due partly to the formation of free paraladic acid and partly 
perhaps to glycero phosphoric acid. Besides these two acids there lia\'e 
been found in the spleen also volatile fatty acids, as formic, acetic, and 
butyric acids, as well as succinic acid, neutral fats, choiesterin, traces of 
leucine, inosite (in ox-spleen), scyllite, a body related to inosite (in the spleen 
of Plagiostoma), glycogen (in dog-spleen), uric acid, xanthine bodies, and 
fecorin. Levene has found in the spleen a glucothionic acid, i.e., an acid 
which is related to chondroitin-sulphuric acid but not identical therewith, 
and which gives a beautiful violet coloration with orcin and hydrochloric 

^ 2eitschr. f. physiol. Cbem., 41. 

* I. e., Arch. f. Math., etc. 

® Cited from v. Gorup-Besanes;, Lehrb. d, physiol. Chem., 4. Auli., p. 732. 

* See V. Gorup-Resanez, Lehrbuch, 4. Aufl., p. 717. 
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acid- The question whether this glucothionic acid originates from the 
above”-mentioned nucleoproteid or from the mucoid substance has not been 
decided (Levene- and Mandel^). ■ 

Many enzymes are found in the spleen, and certain of these are of special 
interest. To these belong the uric-acid-forming enzyme, the xanthine oxidase 
(Bufjan), which occurs in the spleen of oxen and horses, but not in man, 
dogs, and pigs (Schittenhelm), and which transforms the oxypurines, 
hypoxanthine, and xanthine into uric acid ; also the hydrolytically active 
deamidizing enzymes guanase and adenase (Levene, Schittenhelm, 
Jones and Parteidge, Jones and Winternitz), by the first of which 
the guanine is transformed into xanthine, and the adenine into hypo- 
xanthine by the latter. The guanase occurs also in the spleen of the ox 
and horse, but not (Jones), or only in small amounts (Schittenhelm), in 
the pig-spleen.2 The spleen also contains t^vo enzymes, lienasesy as shown 
by Hedin (and Rowland), one of which, the a-lienase, acts chiefly in 
alkaline solution, while the other, ^5-lienase, is active onl}^ in acid reaction. 
These enzymes not only act autolytically upon the proteins of the spleen, 
but they also dissolve fibrin and coagulated blood-serum. In the autolysis 
of the spleen Leathes found proteoses, lysine, arginine, histidine, leucine, 
aminovalerianic acid, aspartic acid, and trj’^ptophane among the cleavage 
products. ScHUMM^ found, in the autolysis of a leuciemic spleen, besides 
leucine and tyrosine relatively large quantities of ammonia, also r-alanine, 
histidine, and lysine (but no arginine), guanine, xanthine, hypoxanthine, 
thymine, and 7 >lactic acid. The autolysis of the leucscmic spleen was much 
more extensive than the normal. 

Among the constituents of the spleen the deposit rich in iron, which 
consists of ferruginous granules or conglomerate masses of them, and which 
is derived from a transformation of the red blood-corpuscles, is of special 
interest. It was closely studied by Nasse. This deposit does not occur to 
the same extent in the spleen of all animals. It is found especially abun- 
dant in the spleen of the horse. Nasse ^ on analyzing the grains (from the 
spleen of a horse) obtained 840-630 p. m. organic and 160-370 p. m. inor- 
ganic substances. These last consisted of 566-726 p. m. Fe 203 , 205-388 
p. m. P 2 O 5 , and 57 p. m. earths. The organic substances consisted chiefly 
of proteins (660-800 p. m.), nuclein (52 p.'^m. maximum), a yellow color- 
ing-matter, extractive bodies, fat,, cholesterin, and lecithin. 

In regard to the mineral constihients, it is to be observed that in compari- 
son with sodium and phosphoric acid the amount of potassium and chlorine 

^ Levene, IZeifcschr. f. physiol. Chem,, 37; Levene and Mandel, ibid., 45 and 47. 

^ See Chapter XY for the literature. 

^ Hedin and Rowland, Zeitschr. f. physiol.- Ch^m., 32, and Hedin, Journ. of Physiol.,. 
30; Leathes, Journ. of Physiol., 28; Schumm, Hofmeister^s Beitrage, 3 and 7, ^ : 

* Malyhs Jahresber., 10, p. 315, 
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IS small. ■ The: amount ^ o in new-born and 3a3ung animals is small 
(Lapicque, Erugee, aiid.' PERNOu); in adults, more appreciable, and in old 
animals sometimes ver^^ considerable* Nassb found nearly 50 p. m. iron 
in the dried pulp of the spleen of an- old horse. Guillemonat and La- 
PiCQiJE^ have determined the iron in man. Thej^ find no regular increase 
■with growth; but in most cases O.IT-'O.SQ p. m. (after subtracting the blood- 
iron) calculated on the fresh substance. -xA remarkably high amount of 
'iron' is. not, dependent upon old age, but is' a residue from chronic diseases. 

The quantitative analyses of the human spleen by Oidtmann ^ give tiie 
following results: In men he found 750-694 p. m. water and 250-306 p. m. 
solids. In that of a woman he found 774.8 p. m. water and 225.2 p. m. 
solids. The quantity of inorganic bodies was in men 4. 9-7.4 p. m., and in 
women 9.5 p. m. 

In regard to the pathological processes going on in the spleen w^e must 
specially recall the abundant re-formation of leucocytes in leucaemia and 
the appearance of amyloid substance/ (see page 69). 

The physiological functions of the spleen are little knowm, with the 
exception of its importance in the formation of leucocytes. Some consider 
the spleen as an organ for the dissolution of the red blood-corpuscles, and 
the occurrence of the above-mentioned deposit rich in iron seems to con- 
firm this view. The spleen has also been claimed to play a certain part in 
digestion. Tiiis organ is said by Schiff, HeezbN; and others to be of 
importance in the production of trypsin in the pancreas. The invests 
gations of Herzen seem to confirm this relation, but the recent work of 
Peym 3 has made the assumption doubtful. 

An increase in the quantity of uric acid eliminated in splenic leueasniia 
has been observed by many investigators (see Chapter XV) , wiiile the 
reverse has been observed under the infiuence of quinine in large doses, 
which produces an enlargement of the spleen. These facts give a rather 
positive proof that there is a close relationship between the spleen and 
the formation of uric acid. Tliis relationship has been studied by HoRiiAO 
ZEWSKi. He has showm that when the spleen-pulp and blood of cah'cs 
are allowed to act on each other, under certain conditions and temperanircg 
in the presence of air, large quantities of uric acid are formed. Under 
other conditions he obtained from the spleen-pulp only xanthine bodies 
with very little or no uric acid. Horbaczewski has also shown that the 


^Lapicque, ihicL^ 20; Lapicque and Guillemonat, Compt. rend, de soc, hioi., TS, 
and Arch, de Physiol (5), S; Kruger 'and Pernou, Zeitsehr. f. Biologio, 27; Nasse, 
cited from Hoppe-Seyler, Physiol. Chem., 720. 

^ Cited from y. Gorup-Besanez, Lehrbnch, 4 Aufi., p. 719. 

^ScMf, cited by Herzen, Pfliiger^sAreh., li0,:295,'S08, and 84, and Maly's Juhr- 
esber., 18; Prym, Pfiiiger’s Arch., 104 and 107; see also Chapter IX, 

* Monatshefte f. Chem., 10, and Wien. Siizungsber. Math. Nat. Klasse, 100, xibt. 3, 
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,iiiie.,acici originates from tlie' nucleins of the spleen,^ which yiddrim acid 
and xanthine: bodies according to the experimental conditions. ■ This 
behavior is explained by the .above-mentioned investigations of Burian, 
ScHiTTENHBLM^ JoNES^ and others on the enzymotic mic-acid formation 
and the deamidization of the purine bodies, and a relationship between the 
spleen and uric-acid formation is' indisputable.'. Still we cannot say that 
the spleeii' shows a special 'relationship to the .uric-acid formation as com- 
pared with other organs (see Chapter XV). ' 

The spleen has the same propert3?^as the liver of retaining foreign bodies/ 
metals.' and .metalloids. 

The Thyroid Gland. The nature of the different protein substances 
occurring in the thyroid gland has not been sufficiently studied., but at 
present, through the researches of Oswald, there are knowm at least two 
bodies which are constituents of the so-called secretion of the glands. One 
of these, iodothyreoglobulin, behaves like a globulin, while the other is a 
nucleoproteid (see also Gourlay^). The iodine present in the gland 
occurs chiefly in the first body, while the arsenic, which has been shown 
to be a normal constituent b^" Gautier and Bertrand, ^ seems to be re- 
lated to the nuclein substances. 

According to Oswl\ld the iodothyreoglobulin occurs only in those 
glands which contain colloid, while the colloid-free glands, the parenchyma- 
tous goitre, and the glands of the new-born contain thyreoglobulin free 
from iodine. The thyreoglobulin first becomes iodized into iodoth^meo- 
globulin on passing from the follicle-cells. Besides these mentioned bodies 
leucine^ xanthine, hypoxanthine, iodothyrine, lactic and succinic acids occur 
in the thyreoidea. Oidtmann^ found in the thyroid gland of an old 
woman 822.4 p. m. water, 176.6 p. m. organic and 0.9 p. m. inorganic 
substances. He found 772.1 p. m. w^ater, 223.5 p. m. organic and 4.4 
p. m. inorganic substances in an infant t^vo wwks old. 

In ^'struma cystica Hoppe-Seyler found hardly any protein in the smaller 
glandular vessels, but an excess of mucin, while in the larger he found a great 
deal of protein, 70-80 p. m,^ Cholesterin is regularly found in such cysts, some- 
times in such large quantities that the entire contents form a thick mass of cho- 
lesterni plates. Crystals of calcium oxalate also occur frequently. The contents 
of the struma cysts are sometimes of a brown color due to decomposed coloring- 
matter, methcemoglobin (and h^ematin?). Bile-coloring matters have also been 
found in such cysts. (In regard to the paralbumins and colloids which have been 
found in struma cysts and colloid degeneration, see Chapter XIII.) 


^ Gourlay, Journ. of Physiol., 16; Oswald, Yeitsclir. f. physiol. Chem., 32, and 
Biochem. CentralbL, 1, 429, , - 

2 Gautier, Compt. rend.^.l29. See also 130, 131, 134, 135; Bertrand, 

^Physiol Chem., p. 721. 
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Those substances which bear a close relationship to the functions of 
the gland seem to be of special interest. 

The complete extii^Dation, as also the pathological destruction, of the 
thyroid gland causes great disturbances, ending finally in death„ In dogs, 
after the total extripation, a disturbance of the nervous and muscular sys- 
tems occurs, such as trembling and convulsions, and death generally super- 
venes shortly after, most often during such an attaekd In human beings 
different disturbances appear, such as nervous symptoms, diminished in- 
telligence, dryness of the skin, falling out of the hair, and, on the whole, 
those symptoms which are included under the name cachexia thyreopriva, 
and death follows gradually. Among these symptoms must be mentioned 
the peculiar slimy infiltration and exuberance of the connective tissue 
called myxoedema. It has been proved that the destructive action of the 
removal of the thyroid can be counteracted by the artificial introduction 
of extracts of the thyroid gland into the body, and even by feeding with 
the substance of the gland. On the other hand, it has been observed on 
administering too large quantities of gland substance that threatening 
symptoms and disturbances occur in man as wejl as in animals. From a 
physiologico-chemical standpoint the abnormally increased destruction of 
body protein, occurring on continuous feeding with thyroid preparations, 
is of the greatest importance. 

From this it follows that the glands contain specifically active sub- 
stances. It is impossible for the present to state anything about the im- 
portance of the bases found by certain investigators, such as S. Fraxkel, 
Dkechsel, and Kocher;^ these bodies have not been characterized suf- 
ficiently. It seems positively proven that the specifically active sub- 
stance is, in greater part, if not entirely, as first shown by Notkin,^ a protein 
substance: Notkin^s thyreoproteidj Os’vvald^s thyreoglobulin. This does not 
contradict the ^dews of Baumann and Roos that the active substance is 
iodothyrin, as this is produced as a cleavage product from the iodothyreo- 
globulin, 

Iodothyrin is considered by Baumann, who first showed that the thyroid con- 
tained iodine and who wdth Roos ^ showed the importance of this substance for the 
physiological activity of the gland, as the only active substance. Iodothyrin was 
obtained by Baumann by boiling the finely divided gland with dilute sulphuric 


^ The divergent statements as to the necessity of the thyroid gland can be found in 
IL' Munk,. Virchow^s Arch., 150. . ■ 

^Frankel, Wien. med. Blatter, 1895 and 1896; Dreehsel and Koeher, CentralfoL 
1 Physiol, 0, 705. 

® Wien. med. Wochenschr., 1895, and Virchow's Arch., 14-1, Suppl, 224. 

^ In regard to this subject, see Baumann and Roos, 2;eitsclir. f. physiol Chem,, 21 
and 22; also Baumann, Miinch. med. Wochenschr,, 1896; Baumann and Goldmann, 
ibid,; Roos, ibid. An extensive review of the literature on the action of iodothyrin 
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acid as an amorphous, brown mass nearly insoluble in water but readily soluble 
in alkali and precipitated again by the addition of acid. The iodothyrin, which 
is not a unit body, has a variable content of iodine and is not a protein substance. 

Thyreoglobulin , was obtained, by Oswald from the watery extract of 
the gland by half saturating with ammonium sulphate. It has the proper^ 
ties of the globulins and with the exception of the iodine content it has 
about the same composition as the proteins. The amount of iodine varies: 
0.46 per cent in pigs, 0.86 per cent in oxen, and 0.34 per cent in man. In 
young animals, whose glands contain no iodine, the thyreoglobulin is 
iodine-free. Thyreoglobulin on taking up iodine is converted into iodo- 
thyreoglobulin. By introducing iodine salts the iodine content of the 
iodothyreoglobuliii can be raised in living animals and thereby also the 
physiological activity increased (Oswald). The amount of iodine in the 
gland is markedly dependent upon the food. 

According to Osw’ald iodothyreoglobulin, as a physiological excitant upon the 
nervous system, has a regulating action upon metabolism. The exclusion of this 
action, after destruction or extirpation of the gland, explains, according to Os- 
wald, the injurious results produced by these changes upon the gland. Accord- 
ing to Blum the thyroid gland removes from the blood a poisonous body, the 
ihyreotoxalbvmin, and makes it non-injurious by taking up iodine. ICishi ' also 
believes that the th 3 nroid gland has the power of removing poisons from the blood. 
We cannot enter further into this and other related questions. 

The Suprarenal Capsule. Besides proteins, substances of the connective 
tissue, and salts, there occur in the suprarenal capsule mosite, purine bases, 
especially xanthine (Oker-Blom), a protagon-like substance (Orgler), 
relatively considerable lecithin and neurinCj and glycerophosphoric acid^ 
which are probably decomposition products of the lecithin. The older 
statements on the occun‘ence of benzoic acid, hippuric acid, and bile-acids 
are, on the contrary, doubtful and are not substantiated by recent inves- 
tigations (Stadelaiann). Older investigators, like Vtjlpian and Arnold,^ 
have found in the medulla a chromogen which was considered to be con- 
nected with the abnormal pigmentation of the skin in xAddison’s disease. 
Tills chromogen, wdiich is transformed by air, light, alkalies, iodine, and 
other bodies into a red pigment, seems, on the contrary, to be related to 
the substance of the gland producing an increase in the blood-pressure. 


and the thyroid preparations can be found in Roos, Zeitschr. f. physiol. Chem., 22, 18- 
In regard to their action in protein destruction and metabolism, see F. Voit, Zeitschr. 
f. Biologic, 35; Bchondorff, Pfliiger^s Arch., 67, and Andersson and Bergman, Skand. 
Arch. f. PhysioL, 8; Magnus-Levy, Zeitschr. f. klin, Med., 52. 

^ Kishi, Virchow^s Arch., 176. A summary of the thyroid literature for the last 
years is found in Malyhs Jahresber., 24 and 25. See also the works of Blum and Oswald, 
cited by Oswald in Biochem. CentralbL, 1, 240. 

^Oker-Blom, Zeitschr. f. physiol. Chem., 2$; Stadelmann, ibid., IS, which also 
contains the literature on this subject; Orgler, Salkowski's Festschrift, 1904. 
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; Adrenalin (siiprarenin, epinephrin). That the .watery extract of . the 
suprarenal capsule has. a blood-pressure-raising action . was ^ shown- by 
■ Oliveb and SchIfbe, CyBULSia and SzYMONOWiczd ■ The substance which 
is here active was formerly called sphygmogenin and has also other actions 
besides bringing about a marked increase in blood-pressure by the strong 
contraction of, the muscles of the periphery vessels; for instance, it can bring 
about glycosuria. This body has been ehemicalty investigated by se\'erai 
experimenters and lias received different names, v. Furth calls it sujyra- 
renin , Abel e ' pine ' phrin , and Takamine adrenalin . This last name seems 
to be the most generally accepted one. The chemical constitution of 
adrenalin has not been positively decided upon. Aldrich gives the 
formula C9H13NO3 for adrenalin, and this formula has been accepted as 
correct by a large number of investigators, such as v. Furth, Jow^ett, 
Pauly, Abderhalden and Bergell, Bertrand, Friedmann, and Stolz, 
basing their opinion upon their own researches.^ Abel disputes the correct- 
ness of this formula and considers adrenalin as a hydrate of a substance, 
C10H13NO3, called epinephrin by him, hence it is epinephrin hydrate, 
CioHi3N03 + iH20. The general opinion in regard to the constitution of 
adrenalin is that it contains a pyrocatechin complex, three OH groups, of 
w’hich one is found in the side-chain, and one CH3NH group. The formula 
(H0)2.C6H3.CH(0H).CH2.NH.CH3, given by Pauly, according to the in- 
vestigations of Friedmann, can be accepted as correct. Based upon these 
facts it has been possible to prepare compounds synthetically whose phy- 
siological action w^as more or less similar to adrenalin, namely, lyy starting 
from pyrocatechin, especially by treating chloracetopyrocatechin with 
ammonia, alkylamines, and other basic bodies (Stolz, j\Ieyee, Friedmann, 
Dakin) 

Adrenalin is soluble in water, precipitated by ammonia, and thereby 
separates as crystals. It gives an emerald-green color with ferric chloride 
in acid solution and a carmine-red coloration in alkaline solution. It re- 
duces Fehling^s solution and an ammoniacal silver solution. Epinephrin 
(Abel) is precipitated by several alkaloid reagents and gives color reac- 
tions with IMandelinls alkaloid reagent and with permanganate and Bill- 

^Oliver and Schafer, Proceed, of Physiol. Boc., London, 1895. Further iiferat-ure 
on the lunctioa of the suprarenal capsule may be found in Szymonowicx, POiiger's 
Arch., 64. 

2 The literature on this subject may be found in v. Fiirth, Zeitschr. f. physiol. Chmi. 

211, 29, and Wien. Sitzungsber. Math.^Nat. KL, 1.12, 1908. See also Abel, Zeitschr! 
f. physiol. Chem., 28; Amer. Jouru, of Physiol., 1S99, and The Johns IIo])kiiLs Flospi- 
ial Bull.,* No. 76 (IS97), 90 and 91 (1898), 120 and 12S (1901), 181 and 182 (1902); 
Ber. d. d. chem. Gesellsch., 36; Abel and Taveau, Journ. of Biol Chem., 1, and Fried- 
Timnn, HofineisteYs Beitrilge, 6 and'S.-’,- . , ■ 

Ber. d. d. chem. Gesellsch,, 37 ; Friedmann, HofmeisterY’ Beitrlige, 6 and 
8; Dakin, Proc. Roy. Soc., 1905, Ber. B-, YoL 76. . . 
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phiirie acid. On this point the conditions are not quite clear, xAccording 
to Abel the crystalline substance (his epinephrin hydrate) precipitated by 
ammonia^ which corresponds to the adrenalin of the other investigators, 
does not have the alkaloid properties of epinephrin, but is converted 
the action of mineral acids into epinephrin. The epinephrin is probably a 
transformation product of adrenalin. Further investigation is necessarj' 
before this can be explained. 

The gtycosuria first observed by Blum after the injection of the extract 
of the suprarenal capsule is due to an action of the adrenalin, and it is 
hardly possible that the diastatic enzyme found in the suprarenal capsule 
by Croftan ^ takes any part in this change. 


* Blum, Pfluger's Arch., 90; Croftan, ibid.^ 90. 


CHAPTER VIIL 
the’eiver.' 

The liver, which is the largest gland of the body, stands in close rela- 
tionship to the blood-forming glands. The importance of this organ for 
the physiological composition of the blood is evident from the fact that the 
blood coming from the digestive tract, laden with absorbed bodies, must 
circulate through the liver before it is driven by the heart through the 
different organs and tissues. It has been proved, at least for the carbo- 
hydrates, that an assimilation of the absorbed nutritive substances which 
are brought to the liver by the blood of the portal vein takes place in this 
organ, and there is no doubt that synthetical processes also occur. The 
occurrence of synthetical processes in the liver has been positively proved 
by special observations. It is possible that in the liver certain ammonia 
combinations are converted into urea or uric acid (in birds) (see Chapter 
XV), while certain products of putrefaction in the intestine, such as phenols, 
may be converted by synthesis into ethereal suliAiuric acids by the liver 
(Pfluger and Kochs, Embden and Glaessner), probably also converted 
into conjugated glucuronic acids (Embden ^). The liver has also the prop- 
erty of removing and retaining heterogeneous bodies from the blood, and 
this is not only true of metallic salts, which are often removed by this 
organ, but also, as Schifp, Heger, and others, but especially Roger, have 
shown, the alkaloids are retained, and are probabh^ also partially decom- 
posed in the liver. Toxines are also withheld by the liver, and hence this 
organ has a protective action against poisons.^ 

Even though the liver is of assimilator}^ importance and purifies the 
blood coming from the digestive tract, it is at the same time a secretory 
organ which eliminates a specific secretion, the bile, in the production of 


^ Pfluger and Kochs, Pfliiger^s Arch., 20 and Embden and Glaessner, Ilof- 
meister^s Beitriige, 1; Embden, ibid,, 2, 

' Roger, Action du foie sur les poisons (Paris, 1887), which also contains the older 
literature; Bouchard, Legons sur les automtoxioations dans ies maladies (Paris, 1887); 
and E. Kotliar in Arch, des sciences hiologiques de St. F^tershourg, 2. See also de 
Vamossy, GentralbL f. Physiol, 18, and Rotbfoerger, Wien. Min. Wocheiischr., 1905, 
Eothberger and Wlnterberg, Biochem. GentralbL, 4. , *■ 
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PEOTEINS OF THE LIVER. 

wHcli the red blood-corpuscles are destroyed, or at least one of their con- 
stituents, the haemoglobin. It is generally admitted that the liver acts 
contrariwise during foetal life, at that time forming the red blood-cor- 
puscles. 

There is no doubt that the chemical operations going on in this organ 
are manifold and must be of the greatest importance for the organism. 
Our knowledge on this subject has been essentially advanced by the recent 
investigations on the enzymes of the liver, as 'well as on the autolytic pro- 
cesses in this organ/ but nevertheless it must be admitted that our knowl- 
edge of the character and extent of these changes is still small. Among 
the products of these chemical processes there are tw^o which are especially 
important and must be treated in this chapter, namel^^ the glycogen and 
the bile. Before the study of these products is taken up a short discussion 
of the constituents and the chemical composition of the liver is necessaiy. 

The reaction of the liver-cells is alkaline towards litmus during life, but 
becomes acid after death, due to a formation of lactic acid, chiefly fer- 
mentation lactic acid and other organic acids (Moeishima, 1\Iagxus-Levy ^). 
A coagulation of the protoplasmic proteins in the cells probably takes 
place. A positive difference between the proteins of the dead and the 
living, non-coagulated protoplasm has not been observed. 

The proteins of the liver were first carefully investigated by Plosz. He 
found in the watery extract of the liver an albuminous substance which 
coagulates at 45*^ C., also a globulin which coagulates at 75° C., a micleo- 
albumin which coagulates at 70° C., and lastly a protein body which is 
nearly related to the coagulated albumins and which is insoluble in dilute 
acids or alkalies at the ordinary temperature, but dissolves on the applica- 
tion of heat, being converted into an albuminate. Halliburton^ has 
found two globulins in the liver-cells, one of wdiich coagulates at 68-70° 
C., and the other at 45-50° C. He also found, besides traces of albumin, 
a niicleoproteid wTiich possessed 1.45 per cent phosphorus and a coagula- 
tion-point of 60° C. PoHL has obtained an ^'organ plasma^' by extracting 
the finely divided liver which had previoush" been entirely freed from 
blood by washing with 8 p. m. NaCl solution, in which he was able to 
detect a globulin having a low coagulation temperature. The very varia- 
ble phosphorus content (0.28-1.3 per cent) of this globulin as well as the 
insolubility of the precipitates produced by little acid in an excess of acid 
and in neutral salts seem to indicate that we have here a mixture wMch 
consists chiefly of nucleoproteids and not of globulins. The nearly com- 


^ See especially the works of Jacoby, Zeitschr. f. physiol, Cliem., 30; Conradi, Hof- 
> ® PI6sz, PfliigePs Arch., 7; HalHbnrton, jb'urn. of Physiol., IS, Suppl. 189?.-.’, 
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piete cligestibility.,,.witii pepsin4iyclroGh acid" does,, not contradic,t. ,th.is 
'.assumption, because, .as .is, .known,: nueleoproteids may on digestion j^ield 
no residue (see Chapter, V)., It is also impossible to state ,. anything' 
positive about the nature of the liver-globulin found by Dastke,^ hav- 
ing a, coagulation temperature ■ of 56°. The proteins extractable .from the, 
liver without modification must be thoroughly investigated. 

Besides the above-mentioned proteins which are very soluble, the liver- 
cells contain large quantities of difScultly soluble protein bodies (see 
Plosz). The liver also contains, as first shown by St. Zaleski and then 
substantiated by several other investigators, ferruginous proteins of dif- 
ferent Mnds.^ The chief portion of the protein substances in the liver 
seems to consist in fact of ferruginous nueleoproteids. On boiling the 
liver with water, such a nucleoproteid or perhaps several are split, and a 
solution is obtained containing a nucleic-acid-rich nucleoproteid or a mix- 
ture of these which are precipitable by acids. This protein or protein 
mixture, which has been called ferratin by Schmiebeberg,^ has been care- 
fully studied b}^ Wohlgemuth.^ The quantity of phosphorus was 3.06 
per cent. As cleavage products on hydrolysis he found Z-xylose, the four 
nuclein bases, and also arginine, lysine (and liistidine?), tyrosine, leucine, 
glycocoll, alanine, a-proline, glutamic acid, aspartic acid, phenylalanine, oxy- 
aminosuberic acid, and oxydiaminosebacic acid (see Chapter II). 

The yellow or brown pigment of the liver has been little studied. Dastre . 
and Floresco ^ differentiate in vertebrates and certain invertebrates between a 
feiTUginous pigment soluble in water, ferrine^ and a pigment soluble in chloro- 
form and insoluble in water, cMorochrome, They have not isolated these pigments 
in a pure condition. In certain invertebrates chloroplyll originating from the 
food also occurs in the liver. 

The fat of the liver occurs partly as very small globules and partly 
(especially in nursing children and sucking animals, as also after food rich 
in fat) as rather large fat-drops. The occurrence of a fatty infiltration, Le., 
a transportation of fat to the liver, may not only be produced by an excess 
of fat in the food (Noel-Paton), but also hy a migration from other parts 
of the body under abnormal conditions, such as posioning with phosphorus, 
phlorhizin, and certain other bodies (Leo, Lebedefp, Rosexfeld, aiul 


^ Polil, Hofmeister’s Beitriige, 7; Dastre, Compt, rend. soc. biolog., *>S. 

, Zaleski, Zoitschr. f. physiol. Chem., 10, 480; Woitering, ibid., 21; 8pitzt?r, 

Arch. f. oxp. Path, it Pham., S3; ' see also, ¥ay, Zeltschr. f. physiol. Clic.vn,, 20. , 
MTohlgemuth, Zeitschr. f. physiol qhem.,,»S7, 42, and 44, and lkn\ d. d. clufsn. 
Oesellsch., 37. See on liver nueieoproteMs?,, also Balkowski,' Berl. klin. Wocheitsciu'.t 
1895; Hamrnarsfceri, Zeitschr. f. physiol' Chem; ylOp Blumeiitlial, Zeitschr. f. klin. Med., 
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■ 0 tilers ^). The fatty infiltration, occurring in poisoning and which is accom- 
' paiiied with; degenerath^ changes iu'-the cells may cause a. diminution in y ,;h , i;,' 

, , "the amount of. protein .and' a rise in the water content. If the amount of.^y ' 

y, ;y. fat in the liver is increased by .an infiltration, the water deceases corre- ' . 
yy: > .spondingty, while the quantity of the other solids remains , little changed. ;. yv’y'v:;t;;y.l 

Changes of such a kind may' occuiv.so that, because of the opposition 
(Rosenfelb) existing between glycogen and fat, a liver rich in fat is habit- 
ually poor in glycogen. The reverse occurs after feeding with carbohy- 
drate-rich food, namely, the liver is rich in glycogen and poor in fat. 

The composition of the liver-fat not only seems to vary in different 
animals, but is variable with changing conditions. Thus Noeu-Paton 
found that the liver-fat in man and several animals was poorer in oleic acid 
and had a correspondingly higher melting-paint than the fat . from the 
subcutaneous connective tissue, while Rosenfelb^ has observed the 
opposite condition on feeding dogs with mutton-fat. y 

Lecithin is a normal constituent of the liver, and amounts to about 23.5 
p, m. according to Nobl-Paton.^ In starvation the lecithin, according to 
Noel-Paton, forms the greatest part of the ethereal extract, while with 
food rich in fat, on the contrary, it forms the smallest part. Cholesterin 
occurs only in small quantities. The ethereal extract also contains a 
protagon-like bod}^ jeoorin. 

Jecorin was first found by Drechsel in the liver of horses, and also in the 
liver of a dolphin, and later by Baldi in the liver and spleen of other animals, in 
the muscles and blood of the horse, and in the human brain. It contains sul- 
phur and xjhosphorus, but its constitution is not positively known. Jecorin dis- ^ 

solves in ether, but is precipitated from this solution by alcohol. It reduces ■ 

copper oxide, and it solidifies after boiling with alkalies to a gelatinous mass. ' 

I^Iaxasse has detected dextrose as osazone in the carbohydrate complex of Jecorin. i 

It may lead to ciTor.s in the investigations of organs or tissues, for it can easily ^ 

be mistaken for lecithin on account of its solubilities and because it contains 
phosphorus. , ; 

The statement by Bixg that Jecorin is a combination of lecithin and dextrose ; 

does not follow from the anal 3 ’'ses of Jecorin thus far known. Jecorin contains ■ 

sulydiiny even as much as 2.75 per cent, and also the relation of P:N in lecithin is 
l:i, 'while hi je<.*orin it is quite different, 1:2 to 1:(5. • 

The variable composition and divergent properties of the Jecorin isolated and 
£Ba]};zed by various investigators ^ make it very possible that Jecorin is a mixture 

^ Xoei-Paton, Journ. of PliysioL, JiJ; Leo, Zeitschr. f. plysioL Chem., 9; Lebedeff, 

‘I ■ Fflijger^s Arch., 31; Atbanasiu, FfiugePs Arch., 74: Taylor, Journ* of Exp. Med., 4; 

Kraus u, Sommer, Hofmeister's .Beitrage, Sp Rosenfeld, Zeitschr. f. klin. Med., 86. ' ' , 

/ , See also Rosenfeld, Ergebnisse der Physiologie, 1, Abt. 1, and Bert, kiln. Wochenschr., _ 

I' . ' 2 Cited by Lummert, Pflfiger^s Arch., 71. In regard to the Hver-fat of children ^vsee ^ 

i . ^'Drechsel, Ber. d. saclis, Geseilseh.4..Wissensch.,18S6, p.44, and Zei'tschr.;!. Biol- 

I ’ ogle, 88; Baldi, Arch. f.,(Anat. m) Physiol.,. 18S7, Suppl. 100; Manasse, Zeitschr. 1^. ' 

I ' ' y Chem., 20; Bing, Centralbl.^f. Physiol, IS, .and Skand; Arch. f.^_PhysioL*; ' . w , ■ ' 

Meinertz, Zeitschr. L physiol Ohem., 46; Siegfried, and Mark, ^ ^ ^ ;• 
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of several su^vstanees, among which perhaps occurs a sulphurized and phosphor- 
ized substaricn (SiFGFRiED and Mabk)- 

Among the extractive substances besides glycogen, which will be treated 
later^ rather large quantities of the xanthine bodies occiii. Kossjel^ foimd 
in 1000 parts of the dried substance 1.97 p. m. guanine, 1.34 p. m. hypo- 
xanthine, and 1.21 p. m. xanthine. Adenine is also contained in the liver. 
In addition there have been found and add (especially in birds), 
and indeed in larger quantities than in the blood, paralactic acid, leucine, and 
cystine. In pathological cases inosite and tyrosine have been detected. The 
occurrence of bile-coloring matters in the liver-cell under normal conditions 
is doubtful; but in retention of the bile the cells may absorb the coloring- 
matter and become colored thereby. 

A large number of enzymes are found in the liver, among which (besides 
the catalases, the oxidases, the glycolytic enzyme, which will be spoken of 
later, the enzymes taking part in the formation of uric acid md destruction 
of uric acid (Chapter XV), the afg'masc which forms wrm, and the diastase 
acting upon glycogen) we must mention the so-called Kpase and the proteo- 
lytic enzyme. The liver has the power of splitting various esters, an action 
which has been recently studied by Dakin, ^ and this action is due to an 
enzyme which is considered as a lipase. The nature of this lipase, whose 
cleavage action upon the amyl ester of salicylic acid was first observed by 
Chanoz and Doyen, has been closely studied by Magnus;^ and it has been 
shown that this action is the result of the combined action of two sub- 
stances. The lipase solution becomes inactive by dialysis, a thermostable 
substance soluble in absolute alcohol passing into the diffusate, and this 
body acts as a co-enzyme, making the solution which had been made inac- 
tive by dialysis active again. 

The proteolytic enzymes of the liver are of special interest, especially 
in regard to the study of the autolysis of this organ. The processes in the 
liver in phosphorus poisoning and in acute yellow atrophy of the liver are 
considered as an intravitally increased autolysis. In these cases a softening 
of the organ takes place, and proteoses, men- and diamino-acids, and other 
bodies are produced, which may also in part be found in the urine, and 
although they may not all be derived from the liver (Nexjbeeg and Eich- 
tee), are at least in part derived from this organ. 

Wakeman^ hos found in phosphorus poisoning that not only is the 
quantity of nitrogen markedly diminished in the liver (of dogs), but also 

^ Zfeltschr. 1 pbysioL Ohem., 8. 

' ^ Joum. of Physiol, SO and S2. 

® Chanoz and Doyen, Joum. de physiol et de, path, g^n^rai, 2 ; Magnus, Zeitschr. f. 
physiol Chem., 42. 

'*]Sreuberg and Richter, Deutsch. Med^ Wochenschr., 1904; Wakeman, Zeitschr. 1 
physiol Chem., 44. - 



that the quantity of nitrogen of the hexone bases is diminished; and that the 
part of the protein molecule richer in nitrogen is first removed and elimi- 
nated under these conditions. The increased consumption of glycogen under 
the above-mentioned pathological conditions may also be considered as an 
increased autolysis. 

Besides the above-mentioned organic constituents in the liver we must 
mention the glucothionic acid iound by Manuel and LevenE; whose rela- 
tionship to the carbohydrate metabolism in this organ, as well as to th^ 
nitrogenous carbohydrate found by Seegen and Neimann^ in the liver, 
requires further investigation. 

The mineral bodies of the liver consist of phosphoric acid, potassium, 
sodium, alkaline earths, and chlorine. The potassium is in excess of the 
sodium. Iron is a regular constituent of the liver, but it occurs in very 
variable amounts. Bunge has found 0.01-0.355 p. m. iron in the blood- 
free liver of young cats and dogs. This was calculated on the liver sub- 
- stance freshly washed with a 1 per cent NaGl solution. Calculated on 10 
kilos bodily weight, the iron in the liver amounted to 3.4-80.1 mg. Eecent 
determinations of the quantity of iron in the liver of the rabbit, dog, hedge- 
hog, pig, and man have been made by Guillemonat and Lapicque. The 
variation was great in human beings. In men the ^quantity of iron in the 
blood-free liver (blood-pigment subtracted in the calculation) was regularly 
more, and in women less, than 0.20 p. m. (calculated on the fresh moist 
organ). Above 0.5 p.m. is considered . as pathological. According to 
Bielfeld,2 ^yIio also finds a greater iron content in men, this difference 
appears only after the first 20-25 years. At this age (20-25 years) the iron 
content is smallest. 

The quantity of iron in the liver can be increased by drugs containing 
iron, as also by inorganic iron salts, and the largest deposition of iron was 
observed by Novi^ after the hypodermic injection of iron. The quantity 
of iron may also be increased hy an abundant destruction of red blood- 
corpuscles, which will result from the injection of dissolved hsemogiobin, iii 
which process the iron combinations derived from the blood-pigments in 
other organs, such as the spleen and marrow, also seem to take part.^ 
A destruction of blood-pigments, with a splitting off of compounds rich 
in iron, seems to take place in the liver in the formation of the bile-pig- 
ments. Even in invertebrates, which have no haemoglobin, the so-called 


^ Mtindei and Levene, Zeitschr. f. physiol, Chem., 45; Seegen, Centraibi. f. Physiol, 
12 and IS, with Neimann, Wiener Sitzungsber. Math. Klasse, 112. 

^ Bunge, Zeitschr. f. physiol Chem., 17, 78; Guillemonat and Lapicque, Compt. 
rend, de soc. bioL, 48, and Arch, de Physiol. (5), 8; Bielf eld, Hofmeister^s Beitr^e, 
2; see also Schmey, Zeitschr. f. physiol Chem., S9. 

* See Lapicque, Compt. rend., 124, and Schurig, Arch. f. exp. Path, Fharm., 41. 
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Imr'is' richTii which Dastre and 'FLORESCo h conclude that' the 

quantity of iron in the liver of invertebrates is entirely' independent of tli©' 
decomposition' of the blood-pigment',; and in .vertebrates it is in so*' 
According to these authors the liver has, on account of . the qiiaiitit;c of 
iron, a 'specially important oxidizing function, which they call the j'oruij'om 
rnariiale^^ of the liver. 

>„.'y,,Thetrichness in iron of the liver of new-born animals is of .special i,!iter- ' 
est“ a.'.'conditioii which .waS' shown by the analyses ef St. Zaleski, but was, 
especialty studied by Kruger and Meyer. In oxen and cows tliey fijund 
0.246'“0.276 p. m. iron (calculated on the dry substance), and in tJ;:e i:ow- 
foetiis about ten times as much. The liver-cells of a calf a week old ermtain 
about seven times as much iron as the adult animal; the quantity sinks in 
the .first four weeks of life, when it reaches about the same amount as in the 
adult. Lapicque ^ has also found that in rabbits the quantity of iron in the 
liver steadily diminishes from the eighth day to three months after birth, 
namely, from 10 to 0.4 p. m., calculated on the dry substance. “The fcetal 
liver-cells bring an abundance of iron into the world to be used up, within a 
certain time, for a purpose not well knownd^ A part of the iron exists as 
phosphate, but the greater part is in combination in the ferruginous pro- 
tein bodies (St. Zalbskt). 

The quantity of calcium oxide in the fresh, moist liver of the horse, ox, 
and pig, according to Toyonaga, amounts to 0.14S-0.193 p. m., or about 
the same as in the human liver. The amount of magnesium oxide was 
remarkably high, namely, 0.168, 0.198, and 0.158 p. m., in the livers of the 
horse, ox, and pig respectively. Kruger^ has found the quantity of 
calcium in the livers of adult cattle and of calves to be respectively 0.71 p. m. 
and 1.23 p. m. of the dried substance. In the fmtiis of the cow it is lower 
than in calves. During pregnancy the iron and calcium in the f<xtus are 
antagonistic; that is, an increase in the quantity of calcium in the liver 
causes a diminution in the iron, and an increase in the iron causes a 
decrease in the calcium. Copper seems to be a physiological constituent, 
and occurs to a considerable extent in cephalopods (Henze ).^ J'oreign 
metals, such as lead, zinc, and others (also iron), are easily taken up and 
combined by the liver (Slowtzopp, v. Zeynek, and others^). 

v. Bibra ^ found in the liver of a young man who had suddenly died 
762 p. m. W'Rter and 238 p. m. solids, consisting of 25 p. m. fat, 152 p. m. 


’ Areli. de Physiol, (o), 10. 

Zaleski, i. c.; Kruger and collaborator^ Zeitsebr. f. Biologie, 27; Ltipieque; 
.’\raly*s Jahresber., 20. 

Zeitsehi. f. Biologie, 31 ; Toyonaga, Bull, of the College of Agriculture, Tokio, IL 
2!ieitschr, f. physiol. Chem., 33. 

^ Blowtzoff, Hofmeistcr^s Beitrage,.!; v. Zejmefc, see Centralhl. f. Physio!,, 15. 

^ See V Gorup-Besanez, Lehrbiich d, phyvsioL Chem,, 4. Aufl., p. 711. 



GLYCOGEN FORMATION^ 


287 


protein, gelatine-forming and insoluble substances, and 61 p. m* extractive 

substances. 

The quantitative composition of the liver may show great variation, 
depending upon the kind and amount of the food supplied. The amount 
of carbohydrate (glycogen) and fat may vary considerably, which is due to 
the fact that the liver is a storage-organ for these bodies, especially for the 
glycogen. 

Based upon special experiments, Seitz i claims that the liver is a store- 
house also for protein. In experiments on hens and ducks which had pre- 
viously been starved, he found that the liver took up abundant protein on 
feeding meat and that its weight as compared with the w^eight after star- 
vation was dou]]>led or quadrupled. As it is characteristic of storage or 
reserve bodies that their amount in the storage-organs on feeding with such 
bodies strongly increases in percentage, it is remarkable in Seitz/s feeding 
experiments that the percentage of protein in the liver did not increase but 
rather diminished slightly. In this case we did not have a higher percen- 
tage of protein, but an increase in the weight of the total cell mass of the 
organ, probably brought about by increased work of the liver due to the 
protein feeding. It is also difficult to decide as to hovr far in these experi- 
ments we were dealing with an increase in the number or the size of the 
liver-cells or with a deposition of reserve protein in the same sense as of 
glycogen or excessive fat. 

There is an unanimous belief that the liver is an especially important 
storage-organ for glycogen. 

Glycogen and its Formation, 

Glycogen w^as first discovered by Bernaed. It is a carbohydrate closely 
related to the starches or dextiins, with the general formula (CeHioOs)^:- 
Its molecular weight is unknown, but seems to be vexy large (Gatin-Gru- 
ZEWSKA and v. Knafpl-Lenz^). The largest quantities are found in the 
liver, and smaller quantities in the muscles (Bernard, Nasse). It is found 
in ver}^ "small quantities in nearly all tissues of the animal body. Its occur- 
rence in lymphoid cells, blood, and pus has been mentioned in a previous 
chapter, and it seems to be a regular constituent of all cells capable of 
development. Glycogen was first shown t,o exist in embryonic tissues by 
Bernard and Kuhne, and it seems on the whole to be a constituent of 
tissues in which a rapid cell formation and cell development is taking 
place. It is also present in rapidly forming pathological swellings (Hoppe- 
Seyler). Certain animals, as certain mussels (Bizio), tsenia and ascarides 

^ Gatin-Gruzewska, Piiiger's Arch., 103;- v,' Khaffl[-Len25, Zeitschr. f. physiol Cliem*, . 
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(Weinland^), are very rich in glycogen.. Glycogen also occurs in' the 
vegetable kingdom, especially in many fungi. 

.Thetqimntity of glycogen in the liver,, as also in the muscles, depends 
essentially upon the food. In starvation it disappears nearly completely 
after a short time, but more rapidly in small than in large animals, and it 
disappears earlier from the liver than from the muscles. After partaking 
of food, especially such as is rich in carbohydrates, the liver becomes rich 
again in glycogen, the greatest increment occurring 14 to 16 hours after 
eating (Kulz). The quantity of liver-glycogen may amount to 120-160 
p. m. after partaking of large quantities of carbohydrates, and in dogs mdiich 
had been especially fed on glycogen Schokdokff and Gatin-Gruzewsiva 
found still higher results, even more than 180 p. m. Ordinarily it is con- 
siderably less, namely, 12-30 to 40 p. m. According to Cremee the quan- 
tity of glycogen in plants (yeast-cells) is, as in animals, dependent upon the 
food. According to him the yeast-cells contain glycogen, which disappears 
from the cells in the auto-fermentation of the yeast, but reappears on the 
introduction of the cells into a sugar solution. 

The quantity of glycogen of the liver (and also of the muscles) is also de- 
pendent xipon rest and activity, because during rest, as in hibernation, it 
increases, and during work it diminishes. Kiinz has shown that by hard 
work the quantity of glycogen in the liver (of dogs) is reduced to a minimum 
in a few hours. The muscle-glycogen does not diminish to the same extent 
as the liver-glycogen. Kulz, Zuntz and Vogblius, Frentzel, and others 
have been able to render rabbits and frogs glycogen-free by suitable strych- 
nine poisoning. The same result is produced by starvation followed by 
hard work. 

Glycogen forms an amorphous, white, tasteless, and inodorous powder. 
When perfectly pure and by proper alcohol precipitation it can be obtained 
as rods or prisms which look like crystals (Gatin-Gruzewska). It gives 
an opalescent solution with water which, when allowed to evaporate on 
the water-bath, forms a pellicle over the surface that disappears again on 
cooling. It is undecided whether we have here a true solution or not. 
Like other colloids, glycogen in water under the influence of the electric 
current migrates to the anode, on which it collects (Gatin-Gruzewska). 
Its aqueous solution is dextrorotatory, and Huppert found it to be (ai)D== 
+ 196.63'^. Gatin-Ghuzewska has recently obtained the same result by 
losing a perfectly pure solution of glycogen. A solution of glycogen, es- 
pecially on the addition of NaCI, is colored wine-red by iodine. It may 


^ Zeitschr. f. Biologic, 41 . The extensive literature on glycogen may be found in 
E. Pfliiger, Giykogen, 2. Aufl., Bonn, 1905; and in Cremer, Physiol des GIyfc)gens/^ in 
Ergebnisse der Physiologic, 1, Abt. 1. In the following pages we shall vker to these 
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hold cupric hydrate in solution in alkaline liquids, but does not reduce it. 
A solution of glycogen in water is not precipitated by potassium-mercuric 
iodide and hydrochloric acid, but is precipitated by alcohol (on the addition 
of NaCi when necessary) or ammoniacal basic lead acetate. An ac{ueous 
solution of glycogen made alkaline with caustic potash (15 per cent KOH) 
is completely precipitated by an equal volume of 96 per cent alcohol Tan- 
nic acid also precipitates glycogen. It gives a white granular precipitate of 
benzoyl glycogen with benzoyl chloride and caustic soda. Glycogen is 
completely precipitated by saturating its solution at ordinary tempera- 
tures with magnesium or ammonium sulphate. It is not precipitated by 
sodium chloride or by half saturation with ammonium sulphate (Nasse, Neij- 
MEisTER, Halliburton, Young On boiling with dilute caustic potash 
(1~2 per cent) the glycogen may be more or less changed, especially if it 
has been previously exposed to the action of acid or of Brucke^s reagent 
(see below) (Pfluger). On boiling with stronger caustic potash (even of 
36 per cent) it is not injured (Pfluger), By diastatic enzymes glycogen 
is converted into maltose or dextrose, depending upon the nature of the 
enzyme. It is transformed into dextrose by dilute mineral acids. Ac- 
cording to Tebb^ various dextrins appear as intermediary steps in the 
saccharification of glycogen, depending on whether the hydrolysis is caused 
by mineral acids or enzymes. The question -whether the glycogen from 
various animals and different organs is the same in this regard has not been 
sufficiently investigated. Nor has it been decided whether all the glycogen 
in the liver occurs as such or whether it is in part combined with protein 
(Pfluger-Nerking). The recent investigations of Loeschcke^ have 
shown that we have no positive reasons for this assumption. 

The preparation of pure glycogen (most easily from the liver) is generally 
performed by the method suggested by Brucke, of which the main points 
are the following: Immediately after the death of the animal the liver is 
thrown into boiling "water, then finely divided and boiled several times with 
fresh water. The filtered extract is now sufficiently concentrated, allowed 
to cool, and the proteins removed by alternately adding potassium-mercuric 
iodide and hydrochloric acid. The glycogen is precipitated from the 
filtered liquid by the addition of alcohol until the liquid contains 60 vols. 
per cent. By repeating this and precipitating the glycogen several times 
from its alkaline and acetic-acid solution it is purified on the filter by wash- 
ing first with 60 per cent and then with 95 per cent alcohol, then treating 
vnth ether and diying over sulphuric acid. It is always contaminated 
with mineral substances. To be able to extract the glycogen from the 
liver or, especially, from muscles and other tissues completely, w^Mch is 
essential in a quantitative estimation, these parts must first be warmed 


^ Young, Joum. of Physiol, 22, citing the other investigators. 
^ Journ. of Physiol, 22, 

^ Pfiuger^s Arch., 102. 
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for two hours with strong caustic potash (30 per cent) on the water-bath. 
As the glycogen changes in this purification, according to Brucke, it is 
better, for quantitative determinations of glycogen, to precipitate it directly 
from the alkaline solution by alcohol (Pfluger^). 

The quantitative estimation is best performed according to Pfluger^s 
method; which is based upon the following: 100 grams of the finely divided 
organ and 100 c.c. of 60 per cent caustic-potash solution are heated on the 
water-bath for two hours. After diluting with water to 400 c.c. it is 
filtered through glass wool and the glycogen precipitated from 100 c.c. of 
the filtrate by 100 c.c. of 96 per cent alcohol. The glycogen is washed on 
the filter first with dilute alkali and alcohol and then with alcohol alone. 
It is then dissolved in water, exactly neutralized, treated mtli 25 c.c. 
hydrochloric acid (L19 sp. gr.) and water added to 500 c.c., when the 
amount of HCl will be 2.2 per cent. On heating for three hours the glycogen 
mil have been converted into dextrose, whose quantity can be determined 
according to Allihn-Pfluger^s method by reduction of an alkaline copper 
solution and weighing the cuprous oxide. As a control the weighed cuprous 
oxide is dissolved in nitric acid and the copper titrated according to Vol- 
hard’s method. In regard to the detailed steps, which must be exactly 
observed, compare Pfluger's original work. Other methods of esti- 
mating glycogen, such as those of BEticKE-Kiinz, Pavy, and Austin, are 
described in Pfluger’s Archiv, M. See also the new method as suggested 
by Salkowski and the short quantitative analysis of glycogen by PplItger.^ 

Numerous investigators have endeavored to determine the origin of 
glycogen in the animal body. It is positively established by the unanimous 
observations of many investigators^ that the varieties of sugars and their 
anhydrides, dextrins and starcJies, lime the property of increasing the cpian- 
tity of glycogen in the body. The action of iniilin seems to be somewhat 
uncertain.^ The statements are questioned in regard to the action of the 
pentoses. Cremer found in rabbits and hens that various pentoses, such 
as rhamnose, xylose, and arabinose, have a positive influence on the gly- 
cogen formation, and Salxowsei obtained the same result on feeding 
Z-arabinose. Frentzel found, on the contrary, no glycogen formation on 
feeding xylose to a rabbit which had previously been made glycogen-free 
by strychnine poisoning, and Neuberg and Wohlgemuth ^ obtained simi- 
lar negative results on feeding rabbits with d- and ?-arabinose. 

The hexoses, and the carbohydrates derived therefrom, do not all possess 
the ability of forming or accumulating glycogen to the same extent. Thus 


^ See also the method suggested by Gautier, Comj)t. rend., 129. 

2 Salkowski, Zeitschr. f. physiol. Chem., 36; Pfluger, Pfiiiger's Arch., 103. 

3 In reference to the literature on this subject, see E. Kilk, Pfliiger’s Arch., 24, an.i 
Ludwig-Festschrift, 1891; also the cited works of Phiiger and Cremer, foot-note 1, 
288. . ' ■ , ' 

^ Bee Miura, Zeitschr. f. Biologie, 32, and Nakaseko, Amer. Journ. of Physiol, 4. 

® Salkowski, Zeitschr. f. physiol. Chem,, 32; Neuberg and Wohlgemuth, 35. 
Bee also Pfliiger, 1. c,, and Cremer, 1 c. _ 
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C. VoiT^ and Ills pupils have shown that dextrose has a more powerful 
action than cane-siigar^ while milk-sugar is less active (in rabbits and hens) 
than dextrose, le\nilose, cane-sugar, or maltose. The following substances 
when introduced into the body also increase the quantity of glycogen in 
the liver: glycerine, gelatine, arbutin, and likewise, according to the investi- 
gations of KtiLZ, erythrite, quercite, dulcite, mannite, inosite, ethylene and 
propylene glycol, glucuronic anhydride, saccharic acid, mucic acid, sodium 
tartrate, saccharine, isosaccharine, and urea» Ammonium carbonate, glycocoll, 
and asparagine may similarly, according to Rohiviann, cause an increase in 
the amount of glycogen in the liver. According to Nebelthau other 
ammonium salts and some of the amides, as well as certain narcotics, hyp- 
notics, and antipyretics, produce an increase in the glycogen of the liver. 
This action of the antipyretics (especially antipyrine) had been shown by 
LispiNB and Porteret ^ 

PpLUGER has conclusively shown that we have no positive proofs as to 
the action of these various bodies as glycogen-formers. That glycerine may 
in a positive sense influence the amount of glycogen in the liver is not to 
be doubted from the experiments of Weiss and Luchsinger on glycogen 
formation, which will be mentioned in connection with the experiments on 
the relationsMp of glycerine to the sugar formation. 

The fats, according to Bouchard and Desgrez, increase the glycogen 
content of the muscles but not of the liver, and, according to Couvreub,^ 
the glycogen is increased at the expense of the fat in the silkworm larva as 
it changes into a chrysalis. In general it is believed thatiat does not in- 
crease the amount of glycogen in the liver or in the animal body, although 
a carbohydrate formation from glycerine, but not a ghmogen formation, is 
probable. PPLtJGER explains this by the fact that the extent of fat metab- 
olism is not dependent upon the quantity of fat supplied, but upon the 
amount of fat required conditioned by work. If more fat is supplied, then 
it is not destroyed, but is stored up. Even when sugar is continuously 
formed from the fat in metabolism this is immediately burned and does 
not yield any material for the formation of the reserve substance glycogen. 

The \news in regard to the influence of the proteins are somewhat con- 
tradictory. From several investigations the conclusion has been drawn 
that the proteins cause an increase in the glycogen of the liver. Amongst 
these investigations must be included certain feeding experiments with 
boiled beef (Naunyn) or blood-fibrin (v. Meeing), and especially the very 
careful experiments made by E. Kulz on hens, with pure proteins, such as 


^ Zeitschr. f. Bioiogie, 28. 

2 Eohmann, Pfliiger^s Arch., Nebelthau, Zeitschr. f, Bioiogie, 28; L4pine and For-’ 
® Bouchard et Desgrez, Compt. rend,, ISO; Gouvreiir, Compt. rend, de soc. bioL, 47. 
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casein, seralbumin, niid ovalbumin. The ■lvalue of these experiments is 
disputed by 'Pfluger, and as a direct. proof against the .'formation of; gly- 
cogen from protein he refers to Schonboeff^s investigations when feeding 
carbohydrate-free protein (casein) to frogs without finding the least in- 
crease in the total glycogen. Later B'ehmenthal and Wohlgemuth 
arrived at similar results. They found no glycogen accumulation in frogs 
after feeding mth casein or gelatine, but did find it after feeding with oval- 
bumin, which contains a carbohydrate group. On the contrar}% BENDiX 
was able to show an increase in the glycogen in dogs by feeding casein and 
gelatine, as well as ovalbumin, and in fact a greater increase by casein than 
by ovalbumin. Stookey^ arrived at similar results in hens as he found 
a glycogen formation after feeding casein, while he obtained no posi- 
tive results after feeding glucoproteids. It seems as if the conditions in 
cold-blooded animals were different from those in warm-blooded ones. 
According to Pflugee, the experiments of Benbix are not conclusive, and 
he doubts the formation of glycogen from protein. He claims it is only 
formed from carbohydrates or from the carbohydrate complex of the 
glucoproteids. 

Many investigators are still of the opinion that an increase in the gly- 
cogen of the liver as well as of other organs can be brought about by feeding 
animals with carbohydrate-free proteins. 

If the question is raised as to the action of the various bodies on the 
accumulation of glycogen in the liver, it must be recalled that a formation 
of glycogen takes place in this organ, as well as a consumption of the same. 
An accumulation of glycogen may be caused by an increased formation of 
glycogen, but also by a diminished consumption, or by both. 

It is not known how the various bodies above mentioned act in this 
regard. Certain of them probably have a retarding action on the transfor- 
mation of glycogen in the liver, while others perhaps are more combustible 
and in this way protect the glycogen. Some probably excite the liver-cells 
to a more active glycogen formation, while others yield material from which 
the glycogen is formed and are glycogen-formers in the strictest sense of the 
word. The knowledge of these last-mentioned bodies is of the greatest 
importance in the question as to the origin of glycogen in the animal body, 
and the chief interest attaches itself to the question: To what extent are 
the two chief groups of food, the proteins and carbohydrates, glycogen- 
formers? 

The great importance of the carbohydrates in the formation of glycogen 
has given rise to the opinion that the glycogen in the liver is produced from 


^ Schondorff, Piiuger^s Arch.., 82 and 88; Blumenthal and Wohlgemuth, BerL Min* 
Wochenschr., 1901; Beudix, Zeitschr. t physiol. Chem., 32 and 34; Stookey, Amer. 
Journ. of Fhysiok 9. -b;’,,.'-." 



GLYCOGEN FORMATION. 


293 


sugar by a synthesis in which water separates with the formation of an 
anhydride (Luchsingek and others). This theory (anhydride theory) has 
found opponents because it neither explains the formation of glycogen 
from such bodies as proteins, carbohydrates, gelatine, and others, nor the 
circumstance that the glycogen is always the same independent of the 
properties of the carboh3^drate introduced, whether it is dextrogyrate or 
levog}a’ate. It used to be the opinion of many investigators that all gly- 
cogen is formed from protein, and that this splits into two parts, one con- 
taining nitrogen and the other being free from nitrogen: the latter is the 
glycogen. According to these views, the carbohydrates act only in that 
they spare the protein and the glycogen produced therefrom (sparing 
theory of Weiss, Wolffberg, and others i). 

In opposition to this theory C. and E. Voit and their pupils have shown 
that the carbohydrates are ^Hrue^^ glycogen-formers. After partaking of 
large quantities of carbohydrates the amount of glycogen stored up in the 
body is sometimes so great that it cannot be covered b}?’ the proteids de- 
composed during the same time, and in these cases a glycogen formation 
from the carbohydrates must be admitted. According to Cremer only the 
fermentable sugars of the six carbon series or their di- and polysaccharides 
are true glycogen-formers. For the present, only dextrose, levulose, galac- 
tose (Weinland^), and perhaps also d-mannose (Cremer) are designated 
as true glycogen-formers. Other monosaccharides may indeed, according 
to Cremer, influence the formation of glycogen, but they are not converted 
into glycogen and hence are called only pseudoglycogen-formers. 

The poly- and disaccharides may, after a cleavage into the correspond- 
ing fermentable monosaccharides, serve as glycogen-formers. This is true 
for at least cane-sugar and milk-sugar, which must first be inverted in the 
intestine. These two varieties of sugar, therefore, cannot, like dextrose and 
levulose, serve as glycogen-formers after subcutaneous injection, but re- 
appear almost entirely in the urine (Dastre, Fr. Voit). Maltose, which is 
inverted by an enzyme present in the blood, passes only to a slight extent 
into the urine (Dastre and Bourquelot and others), and it can, like the 
monosaccharides, even after subcutaneous injection, be used in the forma- 
tion of glycogen (Fr. Voit^). 

Aftet Pavy showed the glucoproteid nature of ovalbumin and, as dis- 


^ In regard to these two theoiies, see especially Wolffberg, Zeitschr. f. Biologie, i(>. 

^ E. Voit, Zeitschr. f. Biologie, 25, 543, and C. Voit, ibid., 28. See also Kausch 
and Soein, Arch. f. exp. Path. u. Pharm., 31; Weinland, Zeitschr. f. Biolog*e, 40 and - 
38; Cremer, ibid., 42, and Ergebnisse der Physiol., 1. 

® Dastre, Arch, de Physiol. (5), 3, 1891; Dastre and Bourquelot, Oompt. rend., 98; 
Fritz Voit, VerhandL d. Gesellsch. f. Morph, u. Physiol, in Munchen, 1896, and Deutsch. * 

* The Physiology of the Carbohydrates, London, 1894. . » - ' ^ 



294 


THE LIVER. 


cussed later, that glucosamine could be split off from ovalbumin as well as 
from certain other, protein substances ■ (see Chapter II), the question arose ; . 
whether the nmino-sugar .could serve' in the formation, of gly.cogen.. The', ' 
investigations carried out in this direction by FA'Bian, Fkankel and Offer, , , 
Gathcart;' and Biau,^ have shown that the glucosamine 'introduced into the 
organism is in part eliminated unchanged in the urine and has no glycogen- 
forming action. No definite conclusions can be drawn from this on the 
behavior of the carbohydrate groups which exist not as free groups but 
combined with the protein molecules. 

Whether or not, or to what extent, the glucoproteids take part in the 
sugar or glycogen formation in the animal body is difficult to answer for 
the present, as but little is known of the quantity of these substances in 
the body and our knowledge of the amount of carbohydrate which can be 
split off from the various protein substances is also very meagre. 

From the weight of the various organs and the relationship of the weight 
of the organs to the total w^eight of the body, as well as from the qualitative 
and quantitative composition of the various organs as far as known for the 
present, we can calculate the carbohydrates of the body (excluding the gly- 
cogen), although the results may not be exact, but no doubt are too high 
or at least are not too low. These calculations of Hammarsten for man 
and dogs have shown that in the nucleoproteids, glucoproteids, and other 
substances which are not sugar nor glycogen, but for the sake of brevity 
are called glucosides, the maximum carbohydrate supply of the body is 5 
grams per 1 kilo of body-weight. 

If the proteins are to be counted among those bodies which can increase 
the glycogen of the body, then we must ask the question: Do the proteins 
act only indirectly as pseudoglycogen-formers or are they direct glycogen- 
formers which can serve as material for the formation of glycogen or sugar? 
This question stands in close relationship to the sugar formation and sugar 
elimination in the various forms of glycosuria and will be discussed best , 
below in connection with the question of diabetes. 

Like the carbohydrates in general, glycogen has without any doubt a 
great importance in the formation of heat and development of energy in 
the animal body. The possibility of the formation of fat from glycogen 
cannot be denied.^ Glycogen is generally considered as reserve food 
accumulated in the liver and formed in the liver-cells. Where does the 
glycogen existing in the other organs, such as the muscles, originate? Is 
the glycogen of the muscles formed on -the spot or is it transmitted to the 
muscles by the blood? These questions cannot yet be answered with posh 


^ Fabiaa, ^eitechr. f. physiol Chem., ^ 7 '^ Frankcl and Offer, CentralfoL f. Physiol, 
IS; Cathcart, ZIeitschr. f. 'physiol, Chem., 39; 'Bial, BarL klfn, V ochenselu., 1905, 

2 See especially NoehPaton, Jourii. of Physiol, 19. 


295 


, ?mL.SUGAR;;FORMATION. 

tiveness, and the investigations on this subject by different experimenters 
have given contradictory results. The experiments of Ktinz/ in which he 
studied the glycogen formation by passing blood containing cane-sugar 
through the muscle, have led to no conclusive results. Still the formation 
of glycogen from sugar in the muscles is probable. There is no doubt that 
glycogen is formed in the muscles during embryonic life. 

If it is true that the blood and lymph contain a diastatic enzyme which 
transforms glycogen into sugar, and also that the glycogen regularly occurs 
in the form-elements and is not dissolved in the fluids, it seems probable 
that the glycogen in solution is not transmitted by the blood to the organs, 
but perhaps more likely, if the leucocytes do not act as carriers, it is formed 
on the spot from the sugar The glycogen formation seems to be a general 
function of the cells. In adults, the liver, which is very rich in cells, has 
the property, on account of its anatomical position, of transforming large 
quantities of sugar into glycogen. 

The question now arises whether there is any foundation for the state- 
ment that the liver-glycogen is transformed into sugar. 

As first shown by Bernaed and redemonstrated by many investigators, 
the glycogen in a dead liver is gradually changed into sugar, and tliis sugar 
formation is caused, as Bern'ard supposed and Arthus and Huber, Pavy, 
and recently also Pice and Bial,^ proved, by a diastiatic enzyme which, 
according to Rohmann and Borchardt,^ is identical with a diastatic 
enzyme of the blood. 

This post-mortem sugar formation led Bernard to the assumption of 
the formation of sugar from glycogen in the liver during life. Bernard 
suggested the following arguments for this theory : The liver always con- 
tains some sugar under physiological conditions, and the blood from the 
hepatic vein is always somewhat richer in sugar than the blood from the 
portal vein. The correctness of either or both of these statements has 
been disputed by many investigators. Pavy/ Ritter, Schipf, Eulen- 
BERG, Lussana, Abeles, and others deny the occurrence of sugar in the 
liver during life, and the greater amount of dextrose in the blood from the 
hepatic vein is likewise disputed by them and certain other investigators.^ 


^ See Minkowski and Laves, Arch. f. exp. Path, ii, Pharm., 23; Kiilz, Zeitsehr. f. 
Biologie, 27. 

^ See Dastre, Compt. rend, de Soc. bioL, 47, 280, and Kaufmann, ihicL, 316. 

^ Arthns and Hnber, Arch, de Physiol. (5), 4, 659; Pavy, Journal of Physiol., 22; 
Pick, HofmeistePs Beitr., 3: Bial, Arch, f, /Anal u.) Physiol,, 1901, 

^ Rohmann, Verh. d. Ges. deutsch. Naturf. u. Arzte, Breslau, 1903; Borchardt, 

® In regard to the literature on sugar forihation in the liver see Bernard, Ijegons sur 
le diab^te, Paris, 1877; Seegen, Die Zuckerbildung im Tierkorper, 2. Aufl., Berlin, 
1900; M. Bial, Pflliger’s Arch., 55, 434. 
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It can be said that at present there are two contradictory view’'s on the 
destruction of the glycogen in the living organism: Pavy^s view, that the 
glycogen is directly used without being previously transformed into sugar^ 
and Bebnard^s' view, which is' accepted by most investigators, that the ^ 
glycogen is first transformed into sugar by the aid of diastatic enzymes. 
According to certain experimenters (Dastre, NoSl-Paton, E. Cavazzani 
who also admit a destruction of the glycogen with the formation of sugar, 
the change is not brought about by an enzyme, but by a special protoplasmic 
'.'■activity. ' ■ 

The doctrine as to the physiological formation of sugar in the liver has 
obtained an energetic advocate in Seegen. He maintains, after numerous 
'experiments, that the liver regularly contains considerable amounts of 
sugar. He has observed an increase of 3 per cent in the quantity of dex- 
trose in the liver of a dog kept alive by passing arterial blood through the 
organ, and lastly he has also found in a very great number of experiments 
on dogs that the blood from the hepatic vein always contains more — even 
double as much — sugar than the blood from the portal vein. Mosse and 
ZiJNTZ^ have recently made objections as to the correetness of this last 
statement, and it follows from the various researches on this question that 
when disturbing influences are prevented, the blood from the hepatic vein 
is only very little richer in sugar than the blood from the portal vein. 

Although Seegex energetically espouses the doctrine of Beenard as to 
the vital sugar formation in the liver, still he deviates essentially from 
Bernard in that he claims the sugar is not derived from the glycogen. 
According to Seegen, the sugar is formed from protein and fat. His older 
idea, that this protein was peptone, he has discarded. Of importance for 
the study of the sugar formation in the liver is, on the contrary, the fact 
that Seegen has found a substance in the liver, besides glycogen, which 
yields dextrose on heating with dilute acids. He, in connection with. 
Neimann, has isolated this substance in the form of a nitrogenous carbo- 
hydrate. O. Simon ^ has also recently isolated from the liver a proteose* 
like substance which reduces directly and yields a fermentable sugar on 
boiling with acids, and this sugar gives an osazone melting at 190*^. 

Seegen claims to have shown a formation of sugar from fat by a direct 
experiment with surviving liver tissue. Certain investigations of Weiss 
seem to substantiate this view, while other experiments of Montitori, Abder- 
HALDEN, and Rona and Hesse contradict this assumption. Hildesheim and 

^ in regard to the literature see Pick, Hofmeister’s Beitrage, 3. 

2 Seegen, Die Zuckerbildung, etc., and Centraibl. f. Physiol, 10, 497 and 822; 
Zuntz, ibid., 561; Mosse, Pfiuger's Arch., 63; Bing, Skand. Arch. f. Physiol, 9. 

2 Seegen, Arch. f. (Anat. u.) Physiol, 1903; Seegen and Neimann, Wien. Sitzungs- 
ber., 11^ (1903); Simon, Arch. f. exp. Path. u. Pharm., 49. (See glucothionic acid, 
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Leathes^ have made experiments with liver pulp which indicate the 
reverse, i.e., the formation of fat from glycogen. 

The circumstance that the blood-sugar rapidly sinks to of its orig- 
inal quantity, or even disappears when the liver is cut out of the circulation, 
speaks for a vital formation of sugar in the liver (Seegen, Bock and 
Hoffmann; , Kaufmann; Tangl and Haeley; Pavy). Tn geese ^ whose ;' 
livers were removed from the circulation, Minkowski found no sugar in 
the blood after a few hours. On removing the liver from the circulation 
by tying all the vessels to and from the organ, the quantity of sugar in the 
blood on drawing is not increased (Schenck^). We shall also learn shortly 
of certain poisons and operative changes which may cause an abundant 
elimination of sugar, but only when the liver contains glycogen. If we re- 
call the fact shown by Rohmann and Bial ^ that the lymph as well as the 
blood contains a diastatic enzyme, then several reasons speak for the view 
of Bernard that the post-mortem formation of sugar from the glycogen 
in the liver is a continuation of the vital process. 

The relationship of the sugar eliminated in the urine under certain 
conditions, such as in diabetes mellitus, certain intoxications, lesions of 
the nervous system, etc., to the glycogen of the liver is also an important 
question. 

i It does not enter into the plan and scope of this book to discuss in 

I detail the various views in regard to glycosuria and diabetes. The appear- 

ance of dextrose in the urine is a symptom which may have essentially 
^ different causes, depending upon different circumstances. Only a few of 

the most important points will be mentioned. 

The blood contains always about an average of 1.5 p. m., while the 
urine has in it at most only traces of dextrose. When the quantity of sugar 
> in the blood rises to 3 p. m. or above, then sugar passes into the urine. The 

kidneys have the property to a certain extent of preventing the passage of 
blood-sugar into the urine ; and it follows from this that an elimination 
of sugar in the urine may be caused partly by a reduction or suppression ; 

of this above-mentioned activity, and partly. also by an abnormal increase 
of the quantity of sugar in the blood. j 

') The first seems, according to v. Merino and Minkowski, to be the - 

case in phlorhizin diabetes, v* Mering has found that a strong glycosuria j 

appears in man and animals on the administration of the glucoside phlor- ‘ 

• ^ Weiss, Zeitschr. f. physiol. Chem., 24; Montuori, Malyhs Jahresb,, 26; Abder- j 

haiden and Rona, Zeitschr. f. physiol. Chem., 41; Hesse, Zeitschr. f. exp. Path. u. \ 

f Therap., 1; Hildesheim and Leathes, Journ. of Physiol., 31. , . | 

!. ^ Seegen, Bock, and Hoffmann, see Seegen, 1. c.; Kaufmann, Arch, de Physiol. (5), ^ 

; 8; Tangl and Harley, PfliigePs Arch., 61; Pavy, Journ. of Physiol, 23; Minkowski i 

|,| / Arch, f. exp. Path. u.Pharm., 21; Schenck>PflugePs Arch., 57.' 

1^; ^ See foot-not© 4, p. 295. ' ■ ‘ ^ I '.'‘’‘fT''!.'' ' 
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hizin. The sugar eliminated is not derived from the glucoside alone. It 
is formed in the animal body, and in factj at least on prolonged starvation, 
from the protein substances of the body. The quantity of sugar in the 
blood is not increased, but rather diminished, in phlorhizin diabetes (Min- 
kowski), but this is disputed by Pavt. This last investigator found, 
although only to a slight degree, that the sugar in the blood was increased, 
but he holds the same view that v. Meking does, that phlorhizin diabetes 
is a kidney diabetes. That after extirpation of the kidney in plilorliizin 
diabetics no rise in the blood-sugar is observed, and that after the injection 
of phlorhizin in the renal artery of one side the urine secreted by this kidney 
contains sugar sooner and more abundantly than the urine from the other 
kidney (Zuntz), speaks in favor of this view. The experiments especially 
performed by Pavy, Bkodie, and Siau^ upon blood containing phlorhizin 
and surviving kidneys also indicate the same, namely, that the phlorhizin acts 
upon the kidneys. While v. Mering believes in an increased permeability 
of the kidneys for sugar, produced by the phlorhizin, Pavy is, on the con- 
trar}^, of the opinion that the kidneys, under the influence of the phlorhizin, 
split off sugar from a substance circulating in the blood, perhaps from a 
proteid with loosely combined carbohydrate groups. 

With the exception of phlorhizin diabetes, which is dependent, accord- 
ing to the ordinary \dews, upon a change or special processes in the kidneys, 
and in which no essential rise in the blood-sugar occurs, all other forms of 
glycosuria or diabetes, as far as known at present, depend on a hy'perglummia, 

A hyperglucsBmia may be caused in various ways. It may be caused, 
for example, by the introduction of more sugar than the body can destroy. 

The ability of the animal body to assimilate the different varieties 
of sugar has naturally a limit. If too much sugar is introduced into the 
intestinal tract at one time, so that the so-called assimilation limit (see 
Chapter IX, on absorption) is overreached, then the excess of absorbed 
sugar passes into the urine. This form of glycosuria is called alimentary 
glycosuria,^ and it is caused by the passage of more sugar into the blood 
than the liver and other organs can destroy. 

^ In regard to the literature on phlorhizin diabetes see v. Mering, Zeitsehr. f. kiln. 
Med.,' 14 and 16; Minkowski, Arch. 1 exp. Path, u, Pharm., 81; Moritz and Fraiisnitz, 
Zeitschr. f. Biologie, 27 and 29; Kuk and Wright, ibid., 27, 181; Gremer and Riiter, 
ibid., 28 and 29; Contejean, Compt. rend, de soc. bioL, 48; Lusk, Zeitschr. f. Biologie, 
86; Levene, Journal of Physiol, 17; Pavy, ibid,, 20, and with Brodie and Siau, 29; 
Arteaga, Amer. Journ. of Physiol, 6; 0. Loewi, Arch. I exp. Path. u. Pharm., 47; 
N. Zuntz, Arch- f. (Anat. u.) Physiol, 1895; Stiles and Lusk, Amer. Journ. of Physiol,, 
10; Cremer, Ergebnisse der Physiol, 1, Abt. 1, and the monographs upon diabetes, 

2 In regard to alimentary glycosuria see Moritz, Arch. f. kiln. Med., 46, which also 
contains the older literature; B. Bosenberg, Ueber das Vorkommen der allmentaren 
Glykosurie, etc. '(Inaug.-Dissert. Berlin, 1897); van Oondt, Miinch. med. Wochen- 
schr., 1898; v. Noorden, Die Zuckerkrankheitj 3. Aufl., 1901. 
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As the liver cannot transform into glycogen all the sugar which comes 
to it in alimentary glycosuria, it is possible that a glycosuria may be pro- 
duced also under pathological conditions, even by a moderate amount of 
carbohydrate (100 grams dextrose), w^hich a healthy person could overcome. 

This is the case, among others, in various affections of the cerebral system 
'and in certain chronic poisonings. Certain observers include the lighter 
forms of diabetes in this class of glycosuria. 

We differentiate between light and severe forms of diabetes. In the 
first the urine contains sugar only when carbohydrates are taken as food, 
while in the other case the urine contains sugar even with food entirely 
free from carbohydrates. According to the views of several investigators, 
in light forms of diabetes the liver is incapable of transforming into 
glycogen all the carbohydrates introduced, or to utilize this glycogen in a 
normal way, and the acti\dty of the liver-cells is also reduced or changed in 
these cases. 

A hyperglucsemia which passes into a glycosuria may also be brought 
about by an excessive formation of sugar from the glycogen and other 
sul^stances within the animal body. 

The so-called piq'tire, and also probably those glycosurias which occur 
after other lesions of the nervous system, belong to the above group of 
glycosurias. The glycosuria produced on poisoning mth carbon monox- 
ide, adrenalin, curare, stinmhnine, morphine, etc., also belongs to this group. 

That the glycosuria produced in certain cases, as after piqllre, is due 
to an increased transformation of the glycogen follows from the fact that 
no glycosuria appears, under the above-mentioned circumstances, when 
the liver has been previously made free from glycogen by starvation or 
other means. In other cases, as in carbon-monoxide poisoning, the sugar 
is probably derived from the proteins, because glucosuria occurs only in 
those cases where the poisoned animal has a sufficient quantity of protein 
at its disposal (Steaub and Rosenstein^). Protein starvation with a 
simultaneously abundant supply of carbohydrates causes this glycosuria to 
disappear. | 

A hyperglucsemia mth glycosuria may also be caused by a decreased 
ability of the animal body to consume, or destroy the sugar. In this case :■ 

the sugar must accumulate in the blood, and the formation of severe cases i 

of diabetes mellitus is now generally explained by this process. ■ 

The inability of diabetics to destroy . or consume the sugar does not : j 

seem to be connected with any decrease in the oxidative energy of the , j 

cells. The oxidative processes are not diminished generally in diabetics i 

1 See Bock, Pfiiiger’s Airch., 5;; ;Bock and Hoffmann, Exp' Studien fiber BiabMes < ’ 

(Berlin, 1874); Cl. Bernard, Le9ons sur le diabdie (Paris); T. Araki, 2eitschr. f. physiol. | 

Chem., 15, ZBl; Straub,' Arch, f, ‘.exp.. Path. u. Pharm., SS;- Bosenistein^ .-40; ^ , ■ ! 

Pfliiger, Pfingeris Arch., , | 
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(ScHTJLTZEN, Nencei and SiEBEE 1),. and this has recently been substan- 
tiated by Baumgarten. This latter investigator made experiments with 
several bodies which on account of their aldehyde nature were closely 
related to sugar or -were cleavage or oxidation products of the same, 
namely, glucuronic acid, d-gluconic acid, d-saccharic acid, glucosamine, 
miicic acid, and others, and he found that diabetics destroyed or burnt these 
bodies to the same extent as healthy individuals. Besides this it must 
be remarked that the two varieties of sugar, dextrose and leAUilose, which 
are oxidized with the same readiness, act differently in diabetics. Accord- 
ing to Ktti^z and other investigators levulose is, contraiy to dextrose^ 
utilized to a great extent in the organism, and may, according to Minkowski,^ 
even cause a deposit of glycogen in the liver in animals with pancreas 


diabetes (see below). The combustion of protein and fat takes place as 
in healthy subjects, and the fat is completely burned into carbon dioxide 
and water. In this diabetes the ability of the cells to utilize especially 
the dextrose suffers diminution, and the explanation of this has been 
sought in the fact that the dextrose is not previously split before com- 
bustion. 

COo 

The variation in the respiratory quotient, i.e., the relation seems 

to show an insufficiency of the dextrose combustion in the tissues in diabetes. 
As will be thoroughly explained in a following chapter, this quotient is 
greater the more carbohydrates are burnt in the body, and it is correspond- 
ingly smaller when protein and fat are chiefly burnt. The investigations 
of Leo, Hanriot, Wbintraud and La ves,^ and others have shown that 
in severe cases of diabetes, in the starving condition the low quotient is 
not raised after partaking of dextrose, as in healthy individuals, but that 
it is raised after feeding levulose, which is also of value to diabetics (Weix- 
TRAUD and Laves). The poverty of the organs and tissues of diabetics 
in glycogen shows that not only is the combustion of the dextrose dimin- 
ished, but also the transformation of the same into glycogen, and its valu- 
ation as a whole is decreased. 

There are also certain investigators who consider that diabetes is due 
to an increased production of sugar in the liver— a view wffiich has received 
some support in the artificially produced pancreatic diabetes. 

The investigations of Minkowski, v. Merino, Domenicis, and later 


^ Schultzexi, BerL klin. Wochenschr., 1872; Nencki and Sieber, Journ. f. prakt. 
Chem. (N, F.), 26, 35; Baumgarten, *^Em Beitrag zur Kenntniss des Diabetes mel» 
litus,” Habilitationsschrift, also Zeitschr. f. exp. Path. u. Therap., 2, 1905. 

Beitr^ge ziir Path: u, Therap. des Diabetes nuellitus (Marburg, 1874), 1; 
Weintram! and Laves, Zeitschr.''!. physiol, Chem., 19; Haycraft, ibid.; Minkowski, 
Arch. f. exp. Path, u, Pharm., 31. : , \ , , . . ■ , ; ^ . 

. Bee v; Noorden, Die Zuckerkrankheit, Aufi,, 190L 
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of many other investigators ^ have shown that a true diabetes of a severe 
kind is caused by the total or nearly total extirpation of the pancreas of 
many animals, especially dogs. As in man in severe forms of diabetes, 
so also in dogs with pancreatic diabetes, an abundant elimination of sugar 
takes place even on the complete exclusion of carbohydrates from the 
'food. ' 

Artificial pancreas diabetes may, at least in cases where the pancreas 
has not been completely extirpated, present exactly the same conditions 
as diabetes in man, but opinions differ as to the cause of this diabetes. 
It is generally accepted that in pancreas diabetes a diminished consumption 
of sugar takes place; but there are several investigators who are of another 
opinion and who explain this form of diabetes as due at least not entirely 
to a diminished combustion of sugar, but to a diseased increase in the 
sugar formation. From this it follows that the pancreatic gland exerts on 
the formation of sugar in the liver a regulating action which is absent on 
the extirpation of the gland. • 

Many important observations show that a close relation exists between 
the liver and pancreas diabetes. Pfluger has also shown that especially 
in diabetes produced by Sandmeyer's method (partial extirpation with 
subsequent destruction of the remains of the gland in the abdominal cavity, 
when the animal remains alive for a longer time than after total extir- 
pation) the liver does not lose weight, although the total weight of the 
animal diminishes greatly, while in starvation without diabetes the liver 
loses weight more than the other parts of the body. Pfluger concludes 
from this that the liver in diabetes works actively and is the most 
important seat of production of diabetic sugar. 

We do not know how the pancreas acts in the formation or the de- 
struction of sugar, and we have essentially two contradictory views on 
this subject. According to one view the action is of a nervous kind, while 


the other view is that we are dealing with an internal secretion of special 
bodies which in an unknown manner perhaps act upon the nerve centres 
and regulate the formation or the destruction of sugar. The assumption 
of an internal secretion is rather generally accepted and is based on 
the investigations of Minkowski, H6don, Lanceraijx, Thiroloix, and 
others 2 upon the action of the subcutaneous transplantation of the gland. 
According to these investigations a subcutaneously transplanted piece of 


^ See Minkowski, Untersuchungen fiber Diabetes mellitus nach Exstirpation des 
Pankreas (Leipzig, 1893); v. Noorden, Die Zuckerkrankheit (Berlin, 1901), which 
contains a very copious index of the literature. In regard to diabetes see also CL 
Bernard, Legons sur le diabdte (Paris); Seegen, Die Zuckerbildung im Thierkorper 
(Berlin, 1890), and Pfluger, Das Glykpgen, 2, Aufl., 1905. 

^ See Minkowski, Arch. f. exp. Path. u. Fharm., 31; H4don, Diabete pancr^atique, 
Travaux de Physiologie (Laboratoire de. Montpellier,. 1898), and the works on diabetes. 
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the gland can completely perform the functions of the pancreas as to the 
sugar exchange and the sugar elimination, because on the renioval of the 
intra-abdominal piece of gland the animal in this case does not become 
diabetic. But if the subcutaneously embedded piece of pancreas is then 
subsequently removed, an active elimination of sugar appears immediately. 
Pflugeb has made important objections to the force of proof in these 
experiments. 

This internal secretion of the pancreas has in recent times been sup- 
posed to be connected with the so-called islands of Langeri-ians ; but no 
positive results have been obtained in this connection.^ We are also not 
acquainted with the kind of active substance here formed. 

The glycolytic property of the blood as shown by L^ipine was con- 
sidered for a time to be due to a glycolytic enzyme formed in the pancreas, 
and pancreas diabetes used to be explained by the fact that the action 
of this enzyme was removed when the gland was extirpated. - This gly- 
colysis is not sufficient, even if it is derived from the pancreas, to explain 
the transformation of the large quantity of sugar in the body, and for the 
, destruction of sugar we are also obliged to accept a glycolysis in the organs 
and tissues. The views in regard to this glycolysis differ in certain points. 
According to one view (Spitzer and others) special oxidases are active 
in the glycolysis, while another view (Stoklasa) considers the glycolysis 
as analogous to alcoholic fermentation, where we have processes brought 
on by special tissue zymases (see Chapter I). 

Another important question is whether one organ can bring about 
glycolysis or wheiher a combination of organs is required. Cohnheim 
has found that a celhfree fluid can be obtained from a mixture of pan- 
creas and muscle, which destroys dextrose, while the pancreas alone does 
not have this action and the muscle only to a slight extent. The pan- 
creas does not contain, according to Cohnheim, a glycolytic enzyme, but 
a substance resistant to boiling temperatures, which is soluble in water and 
aicohoi, and which, like an amboceptor, activates a glycolytic proenzyme 
which exists in the muscle fluid, but which is inactive alone and which 
retards glycolysis when it exists in excess. De Meyer holds a nearly 
similar view, but with this exception, that he does not consider that the 
activating substance comes from the muscles but from the leucocytes. 
Lupine ^ ^has also expressed the opinion that the pancreas does not have 
a direct glycolytic action by internal secretion, but more likely by the 
glycolysis encouraged by the action of cell protoplasm. 


^See Diamare and Kubiabko, Centralbl. f. Physiol, 18, and Diamate, ibid,, 19, 
Bennie, 18; Sauerbeck, VkohowVArch.^J??,^ 

Ccbnlieim, Mtschr. f. phyaol 0hem,,99,'12, 49, and 47; De Meyer, Arch intern, 
de Physiol, 2, cited from Bioohem, Cfenfcralbl, B, ' , ^ ■ , / . 
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The statements of Cohnheim have not been fully confirmed by other 
investigators. On the contrary, several investigators, Stoklasa and . 
collaborators, Feinschmidt, Aenheim and Rosenbaum, and Braunstein,^ 
could not detect any glycolytic activity either in the pancreas alone or 
in muscles and other organs alone (with the exclusion of bacteria). The 
liver also belongs to these organs, in which, it must be remarked, the gly- 
colytically active substance has been absent in severe cases of diabetes. 
CoHNHEiM^s statements have, on the contrary, been substantiated in part 
by Arnheili and Rosenbaum and R. Hirsch, who find that the pancreas 
has the power of raising the glycolytic action of the liver and the muscles. 
On the other hand, Claus and Embden have not been able to obtain the 
activating action of the pancreas upon muscle-juice, but according to 
CoHNHEiM this is probably due to the fact that these investigators added 
too large quantities of pancreas, whereby the retarding action came into 
effect. No positive conclusions on the mode of action of the pancreas 
in sugar destruction or sugar formation can be drawn from these con- 
tradictory statements. 

Where does the sugar eliminated in diabetes originate? Does it depend 
entirely upon the carbohydrates of the food or the store of carbohydrate 
in the body, or has the body the power of producing sugar from other 
material? To Luthje belongs the credit for positively deciding this 
question. He has made experiments on dogs with pancreas diabetes, in 
which on a protein diet free from carbohydrates so much sugar was elim- 
inated that it could not possibly be accounted for by the store of glycogen 
or other carbohydrate-containing substances in the body. Similar experi- 
ments have also been performed later by Pflugee ^ and the power of the 
animal body to produce sugar from non-carbohydrate material is now 
definitely proven. 

Is this sugar produced from protein or fat, or from both? This ques- 
tion so far has not been answered, and it is the subject of continuous dis- 
pute. It is not possible to enter into an exhaustive and detailed discus- 
sion of the question in a text-book, and we will only mention briefly 
certain of the most important observations and historical points. 

The largest amount of sugar which we can obtain theoretically from 
protein is 8 grams of sugar from 1 gram* of protein nitrogen if we admit that 
all the carbon of the protein, with the exception of that necessary to form 
ammonium carbonate, is used for the formation of sugar. The actual rela- 

5 Stoldasa and collaborators, CentralbL f. Physiol, 17, and Ber. d. d. chem. Gesellscb., 
SO and S8; Feinsebmidt, Hofmeister^s Beihage, 4; Hirsch, ibid,; Claus and Embden, 
ibid., 0; Arnbeim and Rosenbaum, Zeitschr. f. physiol Cbem., 40; Braunstein, 

* LiUhje, Beutfrcb. Arch. 1 Min. Med., 70, and PflugePs Arch,,- lOO; Fihger^';' 
PfliigerV Arch 108 ‘ 
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tion between dextrose, and: nitrogen.in the urine; i.e>; the quotient D:N; has 
been repeatedly determined in various forms of diabetes. In a. large iiimiber 
'of: cases this : has been found to be equal to 2.8 tO' 3.8. It. may undergo 
. eonsidexable variation; and in' certain cases it may indeed be lower than 1 
as well as higher than 8. From these quotients conclusions have been 
drawn as to the amount of sugar formed; as well as the origin of the sugar; 
but according to the ^dews of Hammarsten such conclusions are mosth^ 
very uncertain. The sugar eliminated by the urine represents the differ- 
ence between the total sugar production of the body and the quantity 
of sugar burned or utilized. Only under the supposition that the body 
cannot burn or utilize any sugar is the sugar of the urine a measure of 
the quantity of sugar produced; it is not known how far this supposition 
can be applied in the various forms of diabetes. Still several observa- 
tions seem to show that in the different forms of diabetes variable amounts 
of the sugar are burned. A sugar formation from fat can be presumed only 
when the quotient is specially high. 

The property of protein of increasing the elimination of sugar is con- 
sidered as an important proof of the formation of sugar from protein. In 
this regard those experiments are of special interest in which the diabetic 
animal is allowed to starve until the urine is poor in sugar or indeed free 
from sugar, and then by feeding with protein an abundant elimination of 
sugar is produced. If we do not want to accept in this case that the pro- 
tein; but rather the fat; was the material from which the sugar was pro- 
duced, still we must admit either of a sugar-sparing action due to protein 
or of a strong sugar formation from fat, incited by the protein. 

A sparing in the sense that the protein is oxidized instead of the sugar, 
and in this manner protects it, is naturally possible only under the sup- 
position that the body can burn at least a part of the sugar, otherwise 
there would be nothing to spare and nothing to protect from burning. 

The assumption of such an indirect action of proteins is difficult to recon- | 

cile with the common view of the inability of the body to burn sugar in j 

diabetes. Luthje^ has communicated one experiment among others, in i 

which a dog with pancreas diabetes, whose weight before starvation was | 

18 kilos, with nineteen days^ starv^ation eliminated an average of 10.4 grams 

sugar for the last six days of starvation. By exclusive protein feeding ? 

the quantity of sugar per day could be raised to a maximum of 123.8 grams, 

and as average it was 97.5 grams for, the ten protein days. The protein ' 

therefore had protected daily an average of 87 grams sugar from burning, 

which is hardly possible; and if in the diabetic animal we admit of this : 

considerable power of burning sugar the quotient D:N becomes valueless 

as a measure of the quantity of sugar formed. 5 
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If; on the contrary; we admit of an indirect action of proteins in that 
they incite a sugar formation from fat, perhaps by a certain very impor- 
tant increase in the activity of the liver, we are opposed by the great 
difficulty that; according to known laws of metabolism, the proteins do 
not raise the fat metabolism, but rather diminish it. The protein dis- 
places a corresponding quantity of fat from the metabolism, and if the 
fat was the only source of sugar then in this case we would expect a 
diminished elimination of sugar instead of an increased one. Nevertheless 
the above action of protein upon sugar elimination is much more easily 
explained by the assumption of a sugar formation from protein than from fat. 

The action of monamino-acids upon the carbohydrate metabolism has 
: also given important ground for the assumption of a sugar formation from 

' protein. That a deamidation occurs in the animal body was shown by 

the older observations of Baumann and Blendermann. Further proofs of 
i this were furnished by the recent investigations of Neuberg and Lang- 

; STEIN; where in feeding experiments with alanine they found abundance of 

; lactic acid in urine, and finally Lang ^ has shown that various organs in 

antiseptic autolysis have the power of deamidating amides and amino-acids. 

I As from amino-acids by deamidation it is possible to produce oxyfatty acids 

1 according to the formula — CH.NH 2 +H 20 = — CH(OH) +NH 3 ; it was inter- 

I esting to test the action of amino-acids upon carbohydrate metabolism, 

i Several investigations have been carried on with this in view, such as those 

I of Langstein and Neuberg, R. Cohn and F. Kraus, which have shown 

a very probable formation of carbohydrate under the influence of amino- 
i acids; but the investigations of Embden and Salomon and of Embden 

: and Almagia^ have positively shown in a dog without a pancreas that 

: the amino-acids can bring about a re-formation of carbohydrate. It is 

j still an open question whether the amino-acids are only indirect^ active 

I in this or whether they form the material from which the sugar is formed. 

I; In general we consider the formation of sugar with amino-acids as inter- 

i mediary bodies as very probable. 

■ If we presume a formation of sugar from fat w-e must diSerentiate 

' between the two components of neutral fats, that is, between the glycerine j 

and the fatty acids. A formation of sugar from glycerine can be con- j 

sidered as proven from the investigations of Cremee, and especially those | 

of LuthjE;^ and in what follows we will discuss only the formation of | 

sugar f rom the fatty acids. , g,_;. 'A ‘ 

^ Baumann, Zeitsclir. f. physiol. Chein., 4; Blendermann, ihid.j r>; Neuberg and J 

Langstein, Arch, f, (Anat. u.) Physiol., 1903, SuppL; Lang, Hofmeister's Beitrage, 5. . . 

2 Langstein and Neuberg, 1. c.; Gohn, Zeitschr. f. physiol. Chern., 28; F. Kraus, I 

BerL klin. Wochenschr., 1904;. Embden and Salomon, Hofmeister^s Beitrage, 5 and - i 

<),■ and withAlmagia, ’ 

^Cremer, Sitzungsber. d. Ges. L ^ Morph, u. Physiol. Munchen,s 1902;. , Luthje, , 

Deutsch. Arch, i Min. Med., 80. . 'f 
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The formation of sugar from fat seems to occur in the plant kingdom, 
and as the chemical processes in the animal and plant life are in principle 
the same it makes the possibility of a sugar formation from fat very 
probable. Such an origin of sugar in the animal body is accepted by 
many investigators, especially by Pfluger and several French obser'i^ers, 
among whom w’e must specially mention Chauveau and Kaupmann.^ 

Where food as free from carboh 3 "drate as possible is taken, the quo- 
tient D:N is high, i.e., higher than 8, as well as when the quantity of sugar 
is so large that it cannot be accounted for by the calculated protein 
(and carbohydrate) metabolism, then if the observations are otherwise free 
from error we can admit of a formation of sugar from fat. Several such 
cases of diabetes in man have been published (Rumpp, Rosenqvist, Mohe,. 
V, Nooeden, and others), and also in animals (Haetogh and Schumm)^ 
Although these researches are not fully conclusive, still certain of them 
Indicate a probable formation of sugar from fat. We also have several 
conditions which indicate the same, namely, that in phlorMzin diabetes 
after the disappearance of the liver-glycogen the fat which migrates to the 
liver serves as material for the formation of sugar (Pflugee) ; still this is 
not sufficient as a positive proof. 

Starting with the quotient D:N, which he sets at. 3.67, Magnus-Levy 
has calculated the quantity of oxygen necessary for the combustion of the 
protein, provided the sugar was formed therefrom, and also the quantity 
of carbon dioxide produced, i.e., the respiratory quotient for these cases. 
On comparison of these results with the low respiratory quotient observed 
in diabetics, he comes to the conclusion that the sugar is derived from the 
protein. Pflugee,^ who has made a different calculation, comes to an 
entirely different result, and considers that the low values for the respira- 
tory quotient in diabetes are positive proof that the sugar is not formed 
from the proteins, but from the fats. As the quotient D;N is not an 
accurate measure of the quantity of sugar formed, and as we' cannot, for 
the present, exactly measure the quantity of oxygen necessary for the 
formation of sugar from the protein, Hammaesten believes that it is just 
as impossible to conclude from the respiratory quotient that sugar is 
formed from the fats as from the proteids. 

We have no exact proofs of a sugar formation from fat or from protein 
alone, nevertheless w^e have proofs of the possibility of a formation from 
both of these. There is really no objection to the assumption that the body 

^ Kaufmann, Arch. f. Physiol. (5), 8, where Chauveau 's work is cited. 

2 Rumpf, Berl. Min. Wochenschr., 1899; Rosenqvist, ibid,; Mohr, ibid,, 1901; v. 
Noorden, Die Zuekerkrankheit, 3, Auff.,; Berlin, 1901; Hartogh and Schuimn, Axek 1 ' 
’ Path. u. Pharm., 45. See also the works' of 0., Loewi, ibM,f 47, and Lusk, Zeitschr* i 

• ® Magnus-Levy, Zeitsciir. t kMn, Med;, Pffuger, Pliuger's Arch., 108, 
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has the power of producing sugar from protein as well as from fat. The 
observations on the formation of sugar or on the carbohydrate metabolism 
in diabetes do not give any positive explanations as to the question whether 
proteins are direct glycogen-formers or not. 

The Bile and its Formation. 

By the establishment of a biliary fistula, an operation which was first 
performed by Schwaxn in 1844 and which has been improved lately by 
Dastre and Pawlow/ it is possible to study the secretion of the bile. This 
secretion is continuous, but with varying intensity. It takes place under 
a very low pressure; therefore an apparently unimportant hindrance in the 
outflow of the bile, namely, a stoppage of mucus in the exit, or the secretion 
of large quantities of viscous bile, may cause stagnation and absorption of 
the bile by means of the lymphatic vessels (absorption icterus). 

The quantity of bile secreted in the twenty-four hours in dogs can be 
exactly determined. The quantity secreted by different animals varies, 
and the limits are 2.9-36.4 grams of bile per kilo of weight in the twenty- 
four liours.^ 

The statements as to the extent of bile secretion in man are few and 
not to be depended on. Ranke found (using a method which is not free 
from criticism) a secretion of 14 grams of bile with 0.44 gram of solids per • 

kilo in twenty-four hours. Noel-Paton, Mayo-Robson, Hammarsten, 

Pfaff and Balch, and Brand ^ have found a variation between 514 and 
1083 c.c. per twenty- four hours. Such determinations are of doubtful value, 
because in most cases it follo'ws from the composition of the collected bile 
that the fluid is not the result of a secretion of normal liver bile. 

The quantity of bile secreted is, however, as specially shown by Stadel- 
mann,^ subject to such great variation even under physiological conditions 
that the study of those circumstances which influence the secretion is very ; 

difficult and uncertain. The contradictory statements by different investi- i 

gators may probably be explained by this fact. • | 

In starvation the secretion diminishes. According to Lukjanow and j 

^ Scliwann, Arch. f. (Anat. u.) Physiol., 1844; Dastre, Arch, de Physiol, (o), 2; 

Pawlow, Ergebnisse der Physiol., 1, Abt. 1. - ; ' 

^ In regard to the quantity of bile secreted in animals see Heidenhain, Die Gallenab- 
sonderung, in Hermann^s Handbuch der Physiol., 5, and Stadelmann, Der Icterus und 
seine verschiedenen Formen (Stuttgart, 1891). 

^ Ranke, Die Blutvertheilung und der Thatigkeitswechsel der Organ© (Leipzig, 

1871): Noel-Paton, Rep. Lab. Roy. Coil Edinburgh, 8; Mayo-Robson, Proc. Roy. Soc., 

47; Hammarsten, Nova Act. Reg. Boc. Bcient, tJpsala (3), 16; Pfaff and, Balcli, Joum, . 
of 'Exp. Med. , 1897; Brand, Ffiligerfs Arch., 96. , , ^ 

** Stadelniann, Der Icterus, etc., Stuttgart, 189L / ’ - 
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AiiBERTONi;^ mder conditions- the absolute quantity of solids, de-' 

creases, while the relative quantity increases. After partaking of food the 
secretion, increases again. The statements are very' contradictory in regard 
to the time necessary after partaking of food before the secretion reaches 
its maximum. After a careful examination and compilation of all the 
existing, statements Heidenhain ^ has come to the conclusion that in dogs 
the curve of rapidity of secretion shows two maxima, the first at the third 
to fifth hour and the second at the thirteenth to fifteenth hour after par- 
taking of food. According to Barbara the time when the maximum 
occurs is dependent upon the kind of food. With carbohydrate food it 
is two to three hours, after protein food three to four hours, and with fat 
diet it is five to seven hours after feeding. 

According to the older statements, the proteins, of all the various foods, 
cause the greatest secretion of bile, while the carbohydrates diminish the 
secretion, or at least excite it much less than the proteins. This coincides 
with the recent observations of Barb^ira.^ The authorities are by no 
means ageed as to the action of the fats. While many older investigators 
have not observed any increase, but rather the reverse, in the secretion of 
bile after feeding with fats, the researches of Barbera show an undoubted 
increase in the secretion of bile on fat feeding, greater even than after car- 
bohydrate feeding. According to Rosenberg olive-oil is a strong chola- 
gogue, a statement which, according to other investigators — Mandelstamm, 
Doyon and Dufourt^ — is not sufficiently proved. 

As Barbera has shown, a close relationship exists between the bile 
secretion and the quantity of urea formed, as an increase in the first goes 
hand in hand with an increase of the latter. The bile is, therefore, accord- 
ing to him, a product of disassimilation, whose quantity rises and falls with 
the degree of activity of the liver. 

The question whether there exist special medicinal bodies, so-called 
cholagogues, which have a specific excitant action on the secretion of bile 
has been answered in very different ways. Many, especially the older 
investigators, have observed an increase in the bile secretion after the use 
of certain therapeutic agents, such as calomel, rhubarb, jalap, turpentine, 


^ Lukjanow, Zeitsciir. f. physiol Chem., 10; Aibertoni, Eecherclies sur La. secretion 
biliaire, Turin, 1893. 

^ Hermann’s Handb., 5, and Stadelmann, Der Icterus, etc. 

Centraibl. f. Physiol, 12 and 10. 

^Barbera, Bull, della sciem. med, di Bologna (7), 5, Maly’s Jahresber., 24, and 
Centraibl f. Physiol, 12 and 10; Rosenberg, Pfitiger’s Arch., 40; Mandeistarmri, Ueber 
den EinHuss einiger Arzneimittel aiif Sekretion und Zusammensetzung der Galle (Dis- 
sert. Dorpat, 1890); Doyon and Dufourt, Arch, de Physiol. (5), 9. in regard to the 
action of various foods on the secretion of bile see also Hoidenhain, I. c.; Stadcimann, 
Der Icterus; and Barbara, I c. ^ ^ ■ , . , , . 
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olive-oil^ etc.; while others^ especially the more recent in vestigatorS; have 
arrived at quite opposite results. From all appearances this contradiction 
is due to the great irregularity of the normal secretion^ which might 
readily cause mistakes in tests with therapeutic agents. 

Schiff's view, that the bile absorbed from the intestinal canal increases 
the secretion of bile and hence acts as a cholagogue, seems to be a positively 
proven fact by the investigations of several experimenters.^ Sodium 
salicylate is also perhaps a cholagogue (Stadelmann, Doyox and 
Dufourt). 

Acids, and especially, under normal conditions, hydrochloric acid, seem 
to be physiological excitants for bile secretion. According to Falloise 
and Fleig the acids act upon the duodenum and the upper part of the 
jejunum, and the action is brought about by a secretin formation similar 
to the action of acids upon the secretion of pancreatic juice (see Chapter 
IX). According to Falloise ^ chloral hydrate introduced into the duo- 
denum causes a secretion of bile in an analogous manner by the aid of a 
special chloral secretin. 

The bile is a mixture of the secretion of the liver-cells and the so-called 
mucus which is secreted by the glands of the biliary passages and by the 
mucous membrane of the gall-bladder. The secretion of the liver, which 
is generally poorer in solids than the bile from the gall-bladder, is thin and 
clear, w^hiie the bile collected in the gall-bladder is more ropy and viscous 
on account of the absorption of water and the admixture of “ mucus, and 
cloudy because of the admixture of cells, pigments, and the like. The 
specific gravity of the bile from the gall-bladder varies considerably, being 
in man between 1.010 and 1.040. Its reaction is alkaline to litmus. The 
color changes in different animals: golden yellow^, yellowish brown, olive- 
browm, brownish green, grass-green, or bluish green. Bile obtained from 
an executed person immediately after death is golden yellow or yellow 
with a shade of browm. Still cases occur in w^hieh fresh human bile from 
the gall-bladder has a green color. The ordinary post-mortem bile has 
a variable color. The bile of certain animals has a peculiar odor; for 
example, ox-bile has an odor of musk, especially on warming. The taste 
of bile is also different in different animals. Human as well as ox bile has 
a bitter taste, with a sweetish after-taste. The bile of the pig and rabbit 
has an intensely persistent bitter taste. On heating bile to boiling it does 
not coagulate. It contains (in the ox) only traces of true mucin, and its 

^ Schiff, Pfliiger^s Arch., 3. See Stadelmann, Der Icterus, and the dissertatif>ns of . 
Ms pupils, especially Winteler, '^Experimen telle Bdtr%e zur Frage des Kreislaufes 
der Galie'' (Inaug.-Diss. Dorpatj 1892), and, GWner, '' Experimentelie Beitrage zur 
Physiol, und Path, der Gallensekretion^' (Inaug.-Bxss. Jurjew, 1893); also Stadelmann, 
'^Ueber den Kreisiauf der Galie/' 2Ieitschr. f. Bioiogie, 84. 

® Falloise, Bull Acad. Roy. deBelg., 1903; Fleig, Md., 1903,,'';: ^ 
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ropy properties depend, it seems, chiefly on the presence of a nucleoalbiimin 
similar to mucin (Pajjkull). The bile from the animals investigated 
by Hammarsten showed a similar behavior. Hammarsten ^ has, on the 
contrary, found a true mucin in human bile. To all appearances this 
mucin originates from the biliary passages, as he found it in the bile flowing 
from the hepatic duct, and also because the mucous membrane of the gall- 
bladder, according to Wahlgren,^ does not in man secret any mucin, but 
a mucin-like nucleoalbumin. 

The specific constituents of the bile are bile-acids combined with alkalies, 
bile-pigments, and, besides small quantities of lecithin and phosphatides, 
cholesterm, soaps, neutral fats, urea, ethereal sulphuric acid, traces of con- 
jugated glucuronic acids and mineral substances, chiefly chlorides, besides 
phosphates of calcium, magnesium, and iron. Traces of copper also occur. 

Bile-salts. The bile-acids w^hich thus far have best been studied may 
be divided into two groups, the glycocholic and taurocholic acid groups. x4,s 
found by Hammarsten,^ a third group of bile-acids occurs in the shark and 
probably also in other animals. These are rich in sulphur, and like the 
ethereal sulphuric acids they split off sulphuric acid on boiling -with hydro- 
chloric acid. All glycocholic acids contain nitrogen, but are free from 
sulphur and can be split with the addition of w^ater into glycocoll (amino- 
acetic acid) and a nitrogen-free acid, a cholic acid. All taurocholic acids 
contain nitrogen and sulphur and are split, with the addition of water, 
into taurine (aminoethylsiilphonic acid) and a cholic acid. The reason 
for the existence of different glycocholic and taurocholic acids depends 
on the fact that there are several cholic acids. 

The conjugated bile-acid found in the shark, and called scymnol sulphuric acid 
by Hammarsten, yields as cleavage products sulphuric acid and a non-nitrogenous 
substance, scymnol which gives the characteristic color reactions of 

cholic acid. 

The different bile-acids occur in the bile as alkali salts, generally the 
sodium compounds, even in sea-fishes, although this is contrary to the 
older statements (Zanetti^). In the bile of certain animals we find 
almost solely glycocholic acid, in others only taurocholic acid, and in 
other animals a mixture of both (see further on). 

All alkali salts of the biliary acids are soluble in water and alcohol, but 
insoluble in ether. Their solution in alcohol is therefore precipitated by 
ether, and this precipitate, with proper care in manipulation, gives, for 

^ Paijkuil, Zeitschr. f. physiol Chem., 12; Hammarsten, 1. c., Nova Act. (3),, 16, 
and Ergebnisse der Physiol, Bd. 4. 

* Ma!y% Jaliresber., 32. 

® Hammarsten, Zeitsehr. 1 physiol Chem., 24. 

* See Chem. Centralbl, 1903, 1, 180. / 
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nearly all kinds of bile thus far investigated, rosettes or balls of fine needles 
or four- to six-sided prisms (Plattner's crystallized bile). Fresh human 
bile also crystallizes readily. The bile-acids and their salts are optically 
active and dextrorotatory. The salts of the different bile-acids act some« 
what differently towards neutral salts. The alkali salts of the ordinary and 
best-studied bile-acids from man, ox, and dog are, according to Tengstrom,^ 
precipitated by ammonium and magnesium sulphates, and also, in pure 
form, by sodium nitrate and sodium chloride (added to saturation). Potas- 
sium and sodium sulphates do not precipitate them. The alkali salts 
cannot be directly precipitated from the bile by NaCI, on account of the 
presence of bodies retarding precipitation, among which we find oil-soaps. 

The bile-acids are dissolved by concentrated sulphuric acid at the 
I ordinary temperature, forming a reddish-yellow liquid which has a beautiful 

green fluorescence. According to Pregl an oxidation with reduction of 
the sulphuric acid into sulphur dioxide takes place. The fluorescent 
substance has been called dehydrocholan (see below) by Pregl.^ On 
carefully warming with concentrated sulphuric acid and a little cane-sugar, 
i the bile-acids give a beautiful cherry-red or reddish-violet liquid. Pet- 

TENKOFER^s reaction for bile-acids is based on this behavior. 

Pettenkofer^s test for bile-acids is performed as follows: A small 
quantity of bile in substance is dissolved in a small porcelain dish in con- 
1 centrated sulphuric acid and warmed, or some of the liquid containing the ^ 

: bile-acids is mixed with concentrated sulphuric acid, taking special care 

ill both cases that the temperature does not rise higher than 60-70^ C. Then 
j a 10 per cent solution of cane-sugar is added, drop by drop, continually ; 

j stirring with a glass rod. The presence of bile is indicated by the produc- 

; tion of a beautiful red liquid, whose color does not disappear at the ordinary 

; temperature, but becomes more bluish violet in the course of a day. This 

red liquid shows a spectrum with two absorption-bands, the one at F and ; 

the other between D and E, near E, ! 

I This extremely delicate test fails, how^ever, when the solution is i 

' heated too high or if an improper quantity — ^generally too much — of | 

the sugar is added. In the last-mentioned case the sugar easily car- , i 

i bonizes and the test becomes brown or dark brown. The reaction fails | 

S if the sulphuric acid contains sulphurous acid or the lower oxides of nitro- j 

gen. Many other substances, such as proteins, oleic acid, amyl alcohol, . | 

and morphine, give a similar reaction, and therefore in doubtful cases , | 

I. the spectroscopic examination of the red solution must not be forgotten. | 

Pettenkofer^s test for the bile-acids depends essentially on the fact j 

that furfurol is formed from the sugar by the sulphuric acid, and this body j 

; . . , can therefore be substituted for the sugar in this test (Mylius). Accord- | 
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ing to Mylius and v: Ubranszky t a 1 p. m. solution of furfurol shouid 
be used. Dissolve tlie bile, which must first be purified by animal charcoal, 
in alcohol. To each cubic centimeter of alcoholic solution of bile in a test- 
tube add 1 drop of the fiirfurol solution and 1 c.c. concentrated sulphuric 
acid, and cool when necessary, so that the test does not become too warm. 
This reaction, when performed as described, will detect to sV milligram 
cholic acid (v. Udrans^y). Other modifications of Pettenkofer's 
test have been proposed. 

Glycochoiic Acid. The constitution of the glycocholic acid occurring 
in human and ox bile, and which has been most studied, is represented by 
the formula C26H43NO6. Glycocholic acid is absent, or nearly so, in the bile 
of carnivora. On boiling with acids or alkalies this acid, which is anal- 
ogous to hippuric acid, is converted into cholic acid and glycocolL 

By the action of hydrazine hydrate upon the ethyl ester of cholic acid 
Bondi and Muller ^ have prepared first cholic-acid hydrazide, and then, 
by the action of nitrous acid upon this, they obtained the cholic-acid- azide, 
C23H3903C0,N3, and finally from this last in alkaline solution with glyco- 
col! they synthetically prepared the alkali salt of glycocholic acid, at the 
same time splitting oS nitrogen, 

Glycocholic acid crystallizes in fine, colorless needles or prisms. It is 
soluble with difficulty in wmter (in about 300 parts cold and 120 parts boil- 
ing water), and is easily precipitated from its alkali-salt solution by the 
addition of dilute mineral acids. It is readily soluble in strong alcohol, but 
with great difficulty in ether. The solutions have a bitter but at the same 
time SAveetish taste. The acid melts at C. (Medvedew*^). The 

salts of the alkalies and alkaline earths are soluble in alcohol and water. 

The solution of the alkali salt in water can be salted out by NaCl, but 
not by KGl. The salts of the heavy metals are mostly insoluble or solulfie 
with difficulty in water. The solution of the alkali salts in water is pre- 
cipitated by sugar of lead, cupric and ferric salts, and silver nitrate. 

Glycocholeic Acid is a second glycocholic acid, first isolated by Wahl- 
GREN^ from ox-bile, and has the formula C26H43NO5 or C27H45NO5. This 
acid, which on hydrolytic cleavage yields glycocoll and choleic acid, has 
also been detected in human bile and the bile of the musk-ox (Hammar- 

STEN ^). 

Glycocholeic acid may, like glycocholic acid, crystallize in tufts of 
fine needles, but is often obtained as short thick prisms. It is mucli more 
insoluble in water, even on boiling, than glycocholic acid, and it melts at 

* Mylius, Zeitschr. f. physiol. Chem., 11; v, TJdraiiszky, ibid., 12. 

2 Zeitschr. L physiol, Chem., 47. 

•* Zeitschr. f. physiol. Chem,, 36, 
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|l 175-176® C. Tlie alkali salts are soluble in water/ have a pure bitter 

taste^ and are more readily precipitated by neutral salts (NaCl) than the 
i glycocholates. The solution of the alkali salts is not only precipitated 

‘ b}?' the salts of the heavy metals, but also by the salts of barium, calcium 

■ and ■ magnesium. '' 

The preparation of the pure glycocholic acids may be performed in 
. several ways. The bile, which has been freed from mucus by means of 

i; alcohol and the alcohol removed by evaporation, may be precipitated by 

I a solution of lead acetate. The precipitate is then decomposed b}^ a soda 

I solution and heat, evaporated to dryness, and the residue extracted with 

!' alcohol, w^hich dissolves the alkali glycocholate. The alcohol is distilled 

; from the filtered solution and the residue dissolved in water; this solution 

1 is now decolorized by animal charcoal and the glycocholic acid precipitated 

from the solution by the addition of a dilute mineral acid. The mixture 
of the two glycocholic acids is freed from mineral acid by carefully washing 
with w^ater, and then is boiled with water, when the glycocholic acid dissolves 
and may be obtained from the filtrate as cr^^^stals on cooling. The glyco- 
choleic acid with some transformed glycocholic acid (paraglycocholic acid) 
remains undissolved and may be purified by converting it into the insoluble 
barium salt. If we do not care for the obtainment of pure glycoch oleic acid 
but want only the pure glycocholic acid, then the decolorization with animal 
charcoal can be omitted. If the bile is rich in glycocholic acid, we can 
treat the mucus-free bile, according to Hupner’s ^ method, with ether and 
hydrochloric acid, w^hen the glycocholic acid crystallizes out in abundance. 

The reader is referred to more exhaustive works for other methods of prepa- 

\ 

Hyoglycochoiic Add, C27H43NO5, is the crystalline glycocholic acid obtained i 

from the bile of the pig. It is very insoluble in water. The alkali salts, whose w 

solutions have an intensely bitter taste, without any sweetish after-taste, are 
precipitated by CaCls, BaCb, and MgCb, and may be salted out like a soap by 
^ Na2S04 when added in sufficient quantity. By precipitation with NaCl in such I 

quantity that the precipitate redissolves on warming, Hammarsten ^ has obtained 
the alkali salt as macroscopic crystals on cooling. Besides this acid there occurs ' 

in the bile of the pig still another glycocholic acid (Jolin ^). i 

The glycocholate in the bile of the rodent is also precipitated by the above- 
mentioned earthy salts, but cannot, like the corresponding salt in human or ox I 

bile, bo directly precipitated on saturating with a neutral salt (Na2S04). Guano 
bile-acid possibly belongs to the glycocholic-acid group, and is found in Peruvian i 

^ guano, but has not been thoroughly studied. 

Taiirocliolic Acid. This acid, which is found in the bile of man, car- 
nivora, oxen, and a few other herbivora, such as sheep and goats, has the 1 

constitution C26H45NSO7. On boiling with acids and alkalies it splits into { 

^ cholic acid and taurine. ■ Taurocholie acid has also been prepared syntheti- 

; ■ cally by Bondi and MtiLimR, using the same method as they used for glyco- ; 

® Zeitschr. f. physiol. Chern,, 12 and IS. , ‘‘ Y'; , ' 'I 
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Taurocliolic acid can be readily; obtained; by tbe method suggested 
by Hammarsten,^ as groups of fine needles or "as beautiful prisms, on 
slow crystallization. The crystals do not change in the air, but they 
decompose above 100 *^. They are soluble in alcohol but insoluble in ethei*; 
benzene; and acetone. Taurocholic acid is very soluble in water, and the 
solution has a very sweet taste, with only a slight bitter taste. It can hold 
the difficultly soluble glycocholic acid in solution. This is the reason why 
a mixture of glycocholate with a sufficient quantity of taurocholate, which 
often occurs in ox-bile, is not precipitated by a dilute acid. Its salts are, 
as a rule, readily soluble in w^ater^ and the solutions of the alkali salts are 
not precipitated by copper sulphate, silver nitrate, or sugar of lead.’ Basic 
lead acetate gives, on the contrary, a precipitate which is soluble in boiling 
alcohol. The all^ali salts are not only precipitated from their solution by 
the same neutral salts that precipitate glycocholic acid, but also by potas- 
sium chloride, and by sodium and potassium acetates, 

Taurocholic acid is most simply prepared from a glycocholic-acid-free 
bile or from one very poor in this acid, such as fish- or dog-bile. From 
ox-bile it can be prepared by first precipitating the glycocholic acid with 
alum and then repeatedly precipitating the filtrate with ferric chloride 
(according to Tengstrom). From this filtrate the taurocholate is precip- 
itated by saturating with NaCl, the precipitate pressed and freed from 
NaCI by dissolving in alcohol, and as a powder, or dissolved in a little alcohol, 
is decomposed by alcohol containing hydrochloric acid. The acid is pre- 
cipitated from the filtrate by ether. The taurocholic acid can be repeatedly 
recrystallized by solution in alcohol containing water and the careful 
addition of ether. 

Taurocholeic Acid is a second taurocholic acid, detected by Hammai^- 
STEN in dog-bile and isolated by Gullbring^ from ox-bile, and has the 
formula C26H45NSO6 or C27H47NSOf5. Thus far it has been obtained only 
in the amorphous form. It is readily soluble in water, and has a disagreeably 
bitter taste. It is also readily soluble in alcohol, but insoluble in ether, 
acetone, chloroform, and benzene. The alkali salt, soluble in water, can be 
salted out by NaCl as a pasty mass. The solutions of the salts can be 
precipitated by ferric chloride. The cleavage products are taurine and 
choleic acid. 

For the preparation of taurocholeic acid it is best to use dog-bile which 
is first precipitated by ferric chloride. The precipitate contains the acid, 
while the filtrate can be used for the obtainment of taurocholic acid by 
saturating, with NaCL The iron precipitate is converted into the alkali 
salt by sodium carbonate, and is decomposed by alcohol containing 


^ Zeitschr. f. physiol. CItemi, 43. 

» Haimnarsteii, Zeitsehr. I physiol. 'Chem., 4Sr Gullbring, 
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liydrocliloric acid, and then precipitated by ether. I'he amorphous acid 
which separates is purified from alcoholic solution by precipitation with 
ether. In preparing taurocholic acid from ox-bile , the taurocholeic acid, 
which is readily soluble in alcohol-ether, remains in the alcohol-ether on 
the proper addition of ether. This crude acid as alkali salt is freed from 
taurocholic acid by precipitation with ferric chloride, then again converted 
into alkali salt, decomposed with acid in alcohol, precipitated by ether, and 
purified (Gullbpjng). 

Cheno-tatirocholic Acid. This is the most essential acid of goose-bile and has 
the formula C29H4 ^NSOg. This acid, though little studied, is amorphous and solu* 
ble in water and alcohol. 

The taurocholic acids differ from the glycocholic acids in being readily 
soluble in water. In the bile of the walrus, on the contrary, a relatively 
insoluble, readily crystallizable taurocholic acid occurs which can be pre- 
cipitated from the solution of the alkali salts by the addition of mineral 
acids, similar to glycocholic acid (Hammarsten ^). 

As repeatedly mentioned above, the two bile-acids split on boiling with 
acids or alkalies into non-nitrogenous cholic acids and glycocoll or taurine. 
Of the various cholic acids the following have been best studied. 

Cholic Acid or Cholalic Acid. The ordinary cholic acid obtained as a 
decomposition product of human and ox bile, which occurs regularly in 
the contents of the intestine and in the urine in icterus, has, according to 
Strecker and nearly all recent investigators, the constitution C24H40O5— 

( CHOH 

C20H31 \ (CH20H)2. According to Mylius,^ cholic acid is a monobasic 
{ COOH 

alcohol-acid with one secondary and two primary alcohol groups. CuR- 
Tius ^ has shown by preparing the cholamine, C23H39O3NH2, from the 
above-mentioned (p. 312 ) cholic-acid azide, with cholic-acid urethane as an 
intermediary step, that the carboxyl group is not immediately connected 
with the CHOH group, but is combined with the chief nucleus without 
the neighboring secondary alcohol group. On oxidation it first yields 
dehydrocholic acid, C24H34O5 (Hammarsten). On further oxidation 
hilmiic acid, C24H34O8 (Cleve), is obtained, or, more correctly, according 
to Lassab-Cohn and Pregl, a mixture of bilianic and i&ohilianic acids. 
On oxidation, bilianic acid yields cilianic acid (Lassar-Cohn), whose 
formula, according to Pregl, is C20H2SO8. On stronger oxidation it yields^ 
cholesterinic acid, which has not been carefully studied, and finally phthalic 
acid, as maintained by Senkowski, but not substantiated by Bulnheim 


^ Not ‘published. 

2 The important researches of Strecker on the bile-acids may be found in Aimal, d. 
Chem. u. Pharm., 65 , 67 , and 70 ; Myiius, E'er. d. deutsch. chem. Gesellsch., 10 . ; . 
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or Peegl.^ On reduction (in putrefaction) cholic acid may yield 
cholic acid, C24H40Q4 (Mylius). On reduction with hydriodic acid and red 
phosphorus^ Peege obtained a product which he considers as a mono-car- 

fCHs 

boxylic acid, with the formula C20H31 1 (CH3)2. Senkowski has obtained 

(COOH 

an acid with the formula C24H40O2, cholylic acid, on the reduction of the 
anhydride.^ 

As above mentioned, Peegl ^ has obtained, by the action of concentrated 
sulphuric acid upon cholic acid, a fluorescent substance which he calls 
dehydrocholon. This is produced by oxidation, and at the same time, water 
is eliminated. It has probably the formula C24H38O. Deh3"drocholon is 
nitrated by nitric acid, while the cholic acid is not. From this behavior, 
as well as from the determination of the molecular refraction and disper- 
sion of both bodies, Peegl finds it probable that cholic acid belongs to 
the hydrated carbocyclic compounds. 

Cholic acid cr^^stallizes partly in rhombic plates or prisms wnth 1 
molecule of water and partly in larger rhombic tetrahedra or octahedra 
with 1 molecule of alcohol of crystallization (Mylius). These crystals 
become quickly opaque and porcelain-white in the air. The\^ are quite 
insoluble in water (in 4000 parts cold and 750 parts boiling), rather soluble 
in alcohol, but soluble with difficulty in ether. The amorphous cholic acid 
is less insoluble. The solutions have a bitter-sweetish taste. The crys- 
tals lose their alcohol of crystallization only after a lengthy heating to 
100-120^ G. The acid free from water and alcohol melts at 195® C. Accord- 
ing to Bondi and Muller the melting-point of the perfectly pure acid is 
198®. It forms a characteristic blue compound with iodine (Mylius). 

The alkali salts are readily soluble in water, but when treated with a 
concentrated caustic or carbonated alkali solution may be separated as an 
oily mass which l^ecomes crystalline on cooling. The alkali salts are not 
readily soluble in alcohol, and on the evaporation of the alcohol they ma}'- 
crystallize. The specific rotatory power of the sodium salt is fa:)^ — 
4-31.4®.^ The watery solution of the alkali salts, when not too dilute, is 
precipitated immediately or after some time by sugar of lead or barium 
chloride. The barium salt crystallizes in fine, silky needles, and it is rather 
insoluble in cold, but somewhat easily soluble in warm water. The barium’ 



^Hammarsten, Ber. d. deutsch. chem. Gesellsch., 14; Cleve, Bull Boe. chim,, 
Lassar-Colin, Ber. d. d. chem. Geselisch., 32; Pregl, Wien. Sitzungsber., Ill, 1902; Sen- 
kowsld, Monatsliefte f. Chem., 17 ; Buinheimy 2eitschr. f. physiol. Chem., 25, in which' 
the literature on cholesterinic acid may be found. 

' ' ' ® Mylius, 1. c.; Pregl, PSuger's Arch., 7l;'' Si§nkowski, Monatsheft© f. Chem., 10. 

■ ® Zeitschr. f. physiol, Chem., 45. . ■ 
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salt, as. well aS' the, lead salt which. is insoluble in water, is soluble in warm 
.alcohol. 

Choleic Acid (C26H42O4, , Latschinoff) is another cholic acid which, 
according to Lassar-Cohn,^ has the formula C 24 H 40 O 4 . This acid, which 
occurs in varying but always small quantities in ox-bile, yields dehydro- 
choleic acid, C24H34O4, and then c/ioZamc acidj C24H34O7, and isocholanie 
‘■acid on oxidation. 


Choleic acid crystallizes when free from water in hexagonal, vitreous 
prisms with pointed ends, melting at 185-190° C. The cr 3 rstalline acid con- 
taining water melts at 135-140° C. (Latschinofp), The acid dissolves 
in water with difficulty and is also relatively difficultly soluble in alcohol 
It has an intensely bitter taste and gives the Mylius iodine reaction for cholic 
acid. The specific rotation is (a:)D= +48.87° (Vahlen). The barium 
salt which crystallizes from the hot alcoholic solution as spherical aggre- 
gations of radial needles is more difficultly soluble in water than the cor- 
responding cholate. 

The relation of choleic acid to desoxy cholic add is not known. 
According to Latschinoff and Lassar-Cohn both acids are identical, 
while Pregl ,2 on the contrary, claims that desoxy cholic acid is more 
readily soluble in water and when anhydrous has a melting-point of 172- 
173°. According to the ordinary views the desoxy cholic acid is formed 
from cholic acid by reduction. Ekbom^ could not substantiate this 
statement. On using perfectly pure cholic acid he was able to regain 
nearly quantitative^ after the action of metallic sodium on the alcoholic 
solution of the acid or of zinc and alkali. By treatment with zinc and acetic 
acid a reaction took place, but the product was a mixture of mono- and 
diacetyl derivatives. This indicates that desox^^’cholic acid is isomeric with 
an acid prefoimed in the bile, either choleic acid or possibly, as Pregl has 


shown, an acid isomeric therewith. The observation of Pregl that 
desoxycholic acid, like choleic acid, yields dehydrocholeic acid and cholanic 
acid as oxidation products, stands in close connection with such an assump- 
tion, but makes the formation of desoxycholic acid from cholic acid 
reduction very improbable. 

Both cholic acids are best prepared from ox-bile which has been boiled 
for twenty-four hours with baryta-water or caustic soda. According to 
Mylius,^ boil the bile for twenty-four hours with five times its weight of a 
30 per cent caustic-soda solution, replacing the w^ater lost by evaporation. 

^ Latschinoff, Ber. d. deutsch. chem, Gesellsch,, 18 and 20; Lassar-Colm, tKd, 26, 
and Zeitsclir. f. physiol. Chem., 17. See also Vahlen. Zeiischr. f. physio! Chem., 23. 

^ Wien. Sitzungsber., 111. Math. Naturw. 10. 1902; Latschinoff, L c.; Lassar- 
€ohn, L c. See also Mylius, Ber. d. d. chem. Gesellsch., IS, ; . , ^ 1 ■ 

® Unpublished investigation. - ■ . , . , , , 
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Now saturate the liquid with CO 2 and evaporate nearly to dryness. The 
residue is extracted with 96 per ■ cent . alcohol and this alcoholic ' extract 
diluted with water until it contains at the most 20 per cent alcohol; it is 
then completely precipitated with a BaCl 2 solution. The precipitate^ 
which contains besides fatty acids also the choleic acid, is filtered, and 
the cholic acid, contaminated with choleic acid, is precipitated from the 
filtrate by hydrochloric acid. After the cholic acid has gradually crys- 
tallized out it is repeatedly recrystaliized from alcohol or methyl alcohol. 
According to Bondi and Muller/ perfectly pure cholic acid having a 
melting-point of 198^ can be obtained by boiling the impure acid for four 
hours with 10 per cent caustic soda, reprecipitating with hydrochloric acid,, 
and recrystallizing from alcohol. 

Choleic acid may be obtained from the above-mentioned barium pre- 
cipitate by first converting the barium salt into sodium salt by sodium car- 
bonate, then fractionally precipitating the fatty acids by barium acetate, 
separating the choleic acid from the filtrate by hydrochloric acid and 
recrystallizing several times from glacial acetic acid. 

Pregl 2 has suggested a somewhat different but simpler method for 
preparing cholic acid and obtaining the desoxycholic acid from ox-bile. In 
regard to this as well as other methods of preparation we must refer to 
the original communications and to other handbooks. 

Fellic Acid, C23H40O4, is a cholic acid, so called by Sciiotten, which 
he obtained from human bile, along with the ordinary acid. This acid is 
crystalline, is insoluble in water, and yields barium and magnesium salts 
which are very insoluble. It does not respond to Pettenkofer’s reaction 
easily and gives a more reddish-blue color. 

The conjugate acids of human bile have not been sufficiently investi- 
gated. To all appearances human bile contains under different circum- 
stances various conjugate ))ile-acids. In some cases the bile-salts of human 
bile are precipitated by BaCl 2 and in others not. According to the state- 
ments of Lassar-Cohn 3 three cholic acids may be prepared from human 
bile, namely, ordinary cholic acid, choleic acid, and fellic acid. 

Lithofellic Acid, C 3 oH 3 e 04 , is the acid related to cholic acid which occurs in 
the oriental bezoar stones, which is insoluble in water, comparatively easily solu- 
ble in alcohol, but only slightly soluble in ether.^ 

The hyo-glycocholic and cheno-taurocholic acids, as well as the glyco- 
cholie acid of the bile of rodents, yield corresponding cholic acids. This 
seems to be the case also with the glycocholic acid of the hippopotamus- 
bile, which stands very close to the pig-bile (Hammarsten ^). In the polar 


^ Zeitschr, f. physiol. Chem., 47. 

"i. c., Wien. Sitzjungsber. 

^Sehotten, Zeitsciir. f. physiol., Chem., 11; Lassar-Cohn, Ber. d. deiitsch. chem. 
Geseiisch., 27. ■ ■ , 

^ Bee Jlinger and Klages, Ber. d. deutseh. chem. GeseUsch., 28 (older literature). 

• Investigations not published. 
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bear a third cholic acid exists besides cholic and choleic acids. It is called 
ursocholeic acidj C19H30O4 or C1SH28O4 (Hammarsten The bile of 
other animals (walrus, sea-dog) contains special cholic acids (Hammar- 

STEN^). 

On boiling with acids, on putrefaction in the intestine, or on heating, 
cholic acids lose water and are converted into anhydrides, the so-called 
dyslysins. The dyslysin, C24H36O3, corresponding to ordinary cholic acid, 
which occurs in faeces, is amorphous, insoluble in water and alkalies. 
Clioloidic acidj C24H3SO4, is called the first anhydride or an intermediary 
product in the formation of dyslysin. On boiling dyslysins with caustic 
alkali they are reconverted into the corresponding cholic acids. 

The Detection op Bile- acids in Animal Fluids. To obtain the 
bile-acids pure so that Pettenkoper’s test can be applied to them, the 
protein and fat, must first be removed. The protein is removed by making 
the liquid first neutral and then adding a great excess of alcohol, so that 
the mixture contains at least 85 vols. per cent of water-free alcohol. Now 
filter, extract the precipitated protein with fresh alcohol, unite all filtrates, 
distil the alcohol, and evaporate to dryness. The residue is completely 
exliausted with strong alcohol, filtered, and the alcohol entirely evaporated 
from the filtrate. The new residue is dissolved in water, and filtered if 
necessary, and the solution precipitated by basic lead acetate and am- 
monia. The washed precipitate is dissolved in boiling alcohol, filtered 
while warm, and a few drops of soda solution added. Then evaporate to 
dryness, extract the residue with absolute alcohol, filter, and add an excess 
of ether. The precipitate now formed may be used for Pettenicofer's 
test. It is not necessary to wait for crystallization; but one must not 
consider the crystals which form in the liquid as being positively crystal- 
lized bile. It is also possible for needles of alkali acetate to be formed. 
For the detection of bile-acids in urine see Chapter XV. 

Bile-pigments. The bile-coloring matters known thus far are relatively 
numerous, and in all probability there are still more of them. Most of the 
known bile-pigments are not found in the normal bile, but occur either in 
postmortem bile or principally in the bile concrements. The pigments which 
occur under physiological conditions are the reddish-yellow hilimhin^ the 
green hiVmrdinj and sometimes also urobilin (and urobilinogen) or a closely 
related pigment. The pigments found in gall-stones are (besides the 
bilirubin and biliverdin) cholefrasin, bilifusciUj biliprasin, hilihmnin^ 
bilicyanin (and choleielM). Besides these, others have been noticed 
in human and animal bile by various observers. The two above-men- 
tioned physiological pigments, bilirubin and biliverdin, are those , which 
serve to give the golden-yellow or orange-yellow or sometimes greenish 
color to the bile; or when, as is most frequently the case in ox-bile, the 

^ Zeitschr. f. physiol. Chem., 30. •/ Investigations -Bot published. : 
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' two 'pigments are present in the bile at the same time, they , produce the 
different shades between reddish brown and green. 

Bilimbm. This pigment has the formula Ci©Hj8N203, or according 
to Objntborff and TebplbI more correctly C32H36N406, and is designated 
by the names cholbpyrrhin, BiLiPHiEiN, bilipxjlvin, and ilbmatoidin. 
It occurs chiefly in the gall-stones as calcium bilirubin. Bilirubin is present 
in the liyer-bile of all vertebrates, and in the bladder-bile especially in 
man and carnivora; sometimes, however, the latter may have a green bile 
when fasting or in a starving condition. It occurs also in the contents 
of the small intestine, in the blood-serum of the horse, in old blood extrav- 
asations (as haematoidin), and in the urine and the yellow-colored tissue 
in icterus. It is converted into C32H40N4O7 (Maly), by 

hydrogen in a nascent state, and then shows great similarity to the urinary 
pigment, urohilinj as well as to stercobilin found in the contents of the 
intestine (Masius and Vanlair^), On careful oxidation bilirubin yields 
biliverdin and other coloring-matters (see below). 

Bilirubin is derived from the blood-pigment. It has the same per- 
centage composition as haematoporphyrin, and like hsematin it yields 
hsematinic-acid imide as an oxidation product (Kuster). On reduction 
with zinc powder or with nascent HI, it yields h^mopyrrol according to 
Orndorff and Teeple.^ 

Bilirubin is sometimes amorphous and sometimes crystalline. The amor- 
phous bilirubin is a reddish-yellow or reddish-brown powder; the crystals 
have a reddish-yellow, reddish-brown, or more reddish color, and sometimes 
they have nearly the color of crystalline chromic acid. The crystals, which 
can easily be obtained by allowing a solution of bilirubin in chloroform to 
evaporate spontaneously, are reddish-yellow, rhombic plates, whose obtuse 
angles are often rounded. On crystallizing from hot dimethylaniline it 
forms on cooling broad columns wdth both ends sharply cut (Kuster^). 
On dissolving in chloroform both kinds of crystals are converted into long 
needles or whetstones. 

Bilirubin is insoluble in vrater, behaves like an acid, and occurs in 
animal fluids as soluble alkali bilirubin. It is very slightly soluble in ether, 
benzene, carbon disulphide, amyl alcohol, fatty oils, and glycerine. It is 
somewhat more soluble in alcohol. In cold chloroform it dissolves with 
difficulty and is much more readily soluble in warm chloroform. Its solu- 
bility varies, and supersaturated solutions are readily formed (Orndorff 
and Teeple). The varying solubility of bilirubin in chloroform depends, 

^ Salkowsld^s Festschrift, Berlin, 1904, 

^ Maly, Wien. Siteimgsber., 57, and Annai. d. Chem., 16S; Masius and Vaulair 
Centraibl. f. d, med. Wissensoh., 1871, 369.- , > ^ 

' e. ^ ^ \ : 

^ Ber. d. d, ehem. Gesellsch,, 30 and S5, and ^leitschr. f. physiol Chem., 47. 
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according to Kuster, on the fact that in its preparation derivatives which 
are readily soluble and contain chlorine or other transformation products are 
formed, or perhaps the bilirubin goes over into polymeric modifications have 
ing different solubilities. In cold dimethylaniline it dissolves in the propor- 
tion of 1 : 100; and in hot dimethylaniline much more readily. Its solutions 
show no absorption-bandS; but only a continuous absorption from the red 
to the violet end of the spectrum, and they have, even on diluting greatly 
(1:500 000), in a layer 1.5 cm. thick a decided yellow color. If a dilute 
solution of alkali bilirubin in water is treated with an excess of ammonia 
and then with a zinc-chloride solution, the liquid is first colored deep orange 
and then gradually olive-brown and then green. This solution first gives 
a darkening of the violet and blue part of the spectrum and then the bands 
of alkaline cholecyanin (see below), or at least the bands of this pigment 
in the red between C and D, close to C. This is a good reaction for bilirubin. 
The compounds of bilirubin with alkalies are insoluble in chloroform, and 
bilirubin may be separated from its solution in chloroform by shaking with 
dilute caustic alkali (differing from lutein). Solutions of alkali bilirubin 
in veater are precipitated by the soluble salts of the alkaline earths and 
also by metallic salts. 

As Ehrlich first showed, bilirubin forms combinations with diazo 
compounds, which have been closely studied by Proscher, Orndorfp and 
Teeple.^ a test suggested by Ehrlich for bilirubin is based upon this 
behavior with diazobenzenesulphonic acid. 

If an alkaline solution of bilirubin be allowed to stand in contact with 
the air, it gradually absorbs oxygen, and green biliverdin is formed. This 
process is accelerated by warming. According to Kuster, in this case 
the alkali also has a splitting action upon the pigment, and not one body but 
several are formed. Biliverdin is also formed from bilirubin by oxidation 
under other conditions. A green coloring-matter similar in appearance is 
formed by the action of other reagents such as Cl, Br, and I. According to 
JoLLEs,^ by the use of Hubl's iodine solution biliverdin is produced, while 
according to others (Thudichum, Maly^) substitution products of bili- 
rubin are formed. 

Gmelin’s Reaction for Bile-pigments, If one carefully pours under an 
aqueous solution of alkali bilirubin nitric acid containing some nitrous acid, 
there is obtained a series of colored layers at the juncture of the two liquids 
in the following order from above downwards: green, blue, violet, red, 

^ Ehrlich, 2eitschr. f. anal. Chem., 28; Proscher, Zeitschr. f. physiol. Chem., 89; 
Omdoiff and Teeple, 1. c. 

^ Kuster, Ber. d. d. chem. Gesellsch., 85; Jolles, Journ. f. prakt. Chem. (N. F.), 59, 
and Pfliiger’s Arch., 75. ' . . 

^ Thudichum,, Journ. of Chem. Soe. (2), 18, and Journ. f. prakt. Chem. (N. F.), 
58; Maly, Wien. Siteungsber., 72. - ' ■ 
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'and: reddish yellow. This color reaction,. Gmelin's test, is ¥ery delicate 
and serves to detect the presence of one part bilirubin in 80 000 parts, 
liquid. The green ring must never be absent; and also th^ reddish-violet 
must be present at the same time, otherwise the reaction may be conf used 
with that for lutein, which gives a blue or greenish ring. The nitric acid 
must not contain too much nitrous acid, for then the reaction takes place 
too quickly and it does not become typical. Alcohol must not be present 
in the liquid, because, as is well known, it gives a play of colors, in green 
or blue, with the acid. 

Hammarsten\s Reaction. An acid is first prepared consisting of 1 vol 
nitric acid and 19 vols. hydrochloric acid (each acid being about 25 per 
cent). One volume of this acid mixture, which can be kept for at least 
a year, is, when it has become yellow by standing, mixed with 4 vols. 
alcohol If a drop of bilirubin solution is added to a few cubic centimetres 
of this colorless mixture a permanent beautiful green color is obtained 
immediately. On the further addition of the acid mixture to the green 
liquid all the colors of Gmeuin’s scale, as far as cholatelin, can be produced 
consecutively. 

Huppert^s Reaction. If a solution of alkali bilirubin is treated with 
milk "or lime oF with calcium chloride mad ammonia, a precipitate is pro- 
duced consisting of calcium bilirubin." If this moist precipitate, wdiich has 
been w’'ashed wdth water, is placed in a test-tube and the tube half filled 
with alcohol which has been acidi&d with hydrochloric acid, and heated 
toLbiling for some time', the liquid becqmesjemerald-green or bluish green 
in color. 

Tn” regard to the modifications of Gmelin^s test and certain other 
reactions for bile-pigments, see Chapter XV (Urine). 

That the characteristic play of colors in Gmelin’s test is the result of 
an oxidation is generally admitted. The first oxidation step is the green 
biliverdin. Then follow- s a blue coloring-matter which Heinsius and 
Campbei-tL call bilicyanin and Stoxvis calls cholecyanin, and w-hich shows a 
characteristic absorption-spectrum. The neutral solutions of this color- 
ing-matter are, according to Stokvis, bluish green or steel-blue with a 
beautiful blue fluorescence. The alkaline solutions are green and have 
no marked fluorescence, and show three absorption-bands: one, sharp and 
dark, in the red between C and D, nearer to C; a second, less %yell defined, 
covering D; and a third betw^'een E and F, near E. The strongly acid 
solutions are violet-blue and show two bands, described by Jafp 6, betw’-een 
the lines C and E, separated from each other By a narrow space near D. A 
third band between b and F is seen with difficulty. The next oxidation 
step after these blue coloring-matters is a red pigment, and lastly a yellow- 
ish-brown pigment, called choletdin hj wffiich in neutral alcoholic 

solutions does not give any absorption-spectrum, but in acid solution 
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gives a band between h and F. On oxidizing cholecyanin with lead per- 
oxide, Stokvis^ obtained a product which he calls choietelin, which is 
quite similar to urinary urobilin, to be discussed later. 


Bilirubin is best prepared from gall-stones of oxen, these concretions 
being very rich in calcium bilirubin. The finely powdered concrement is 
first exhausted with ether and then with boiling water, so as to remove the 
cholesterin and bile-acids. In order to remove the mineral constituents 
it is better to use 10 per cent acetic acid instead of hydrochloric acid 
(KtiSTER^). A green pigment is now removed by extraction with alcohol, 
and the choleprasin is extracted with hot glacial acetic acid. After 
washing with water it is dried, and extracted repeatedly with boiling 
chloroform. The bilirubin separates from the chloroform as crusts, which 
are treated once or twice in the above manner. It is then extracted with 


■I 



alcohol and precipitated from its chloroform solution by alcohol or crys- 
tallized from dimethylaniline. 

The chloroform solution which separates from the crusts of bilirubin con- 
tains, according to Kuster, a pigment related to bilirubin, poorer in nitrogen, 
also precipitable by alcohol, and very readily soluble in chloroform. This 
has been substantiated by Orndorfp and Teeple This pigment, according 
to Kuster, is a transformation product of bilirubin which is rich in chlorine. 


The quantitative estimation of bilirubin may be made by the spectro- 
photometric method, according to the steps suggested for the blood- 
coloring matters. 

Biliverdin, C16H18N2O4 or C32H36N4O8. This body, w'hich is formed 
by the oxidation of bilirubin, occurs in the bile of many animals, in vomited 
matter, in the placenta of the bitch (?), in the shells of birds' eggs, in the 
urine in icterus, and sometimes in gall-stones, although in very small 
quantities. 

Biliverdin is amorphous; at least it has not been obtained in well- 
defined crystals. It is insoluble in water, ether, and chloroform (this is 
true at least for the artificially prepared biliverdin), but is soluble in alcohol 
or glacial acetic acid, showing a beautiful green color. It is dissolved by 
alkalies, giving a brownish-green color, and this solution is precipitated by 
acids, as well as by calcium, barium, and lead salts. Biliverdin gives 
Huppert's, Gmelin's, and Hammarsten's reactions, commencing with 
the blue color. It is converted into hydrobilirubin by nascent hydrogen. 
On allowing the green bile to stand, also by the action of ammonium sul- 
phide, the biliverdin may be reduced to bilirubin (Hatceaft and 
Scofield ^), 

^ Heinsius and Campbell, Pfiiiger’s Arch., 4; Stokvis, CentralbL. 1 d. med. Wis- 
sensch., 1872, 785; 1873, 211 and 449; Jafi4, ihid., 1868; Maly, Wien. Sitzungs- 

3 Kuster, Ber. d. d. chem, GesellseL, 35'; Omdorff and Teeple, I. c. . ■ / 

* Centralbl. f PhysioL, 3 , 222, and Zeitschr. f. physiol. Chem., 14 ., 







324 ' 


THE LIVER. 

Biiiverdiii . is most simply pi'epared by allowing a thin layer of , an 
alkaline solution of bilirubin to stand ' exposed to the air in a dish imtil the 
color is brownish' green. The solution is then precipitated by hydro- 
chloric acid, the precipitate washed with water until no HCI reaction is 
obtained, then dissolved in alcohol and the pigment again separated by 
tho' addition of water, ' Any bilirubin present may be removed by means 
of 'chloroform'. Hijgounenq and Doyon ^ prepared biliverdin from bili- 
rubin by the action of sodium peroxide and a little acid. ■ 

Choleprasin is a green pigment isolated by Kustee ^ from gall-stones, which is 
soluble in glacial acetic acid but insoluble in alcohol. It differs from the other 
bile-pigments by containing sulphur. On distillation with zinc powder it gives 
the pyrml reaction, and on oxidation with chromic acid, Kuster could not ob- 
serve any formation of luBrnatinic acid. 

Bilijuscin, so named by Stadeler,^ is an amorphous brown pigment soluble 
in aicolaol and alkalies, nearly insoluble in water and ether, and soluble with 
great difficulty in chloroform (when bilirubin is not present at the same time). 
Pure biiifuscin does riot give Gmelin's reaction. This is also true for the bilifuscin 
prepared by v. Zumbusch,^ which is more like a humin substance and the formula 
of which is Ce^HgoNyOu. Bilifuscin has been found in gall-stones. Biliprasm is 
a green pigment prepared by Stadeler from gall-stones, which is generally con- 
sidered as a mixture of biliverdin and bilirubin. Dastre and Floresco,® on the 
contrary, consider biliprasin as an intermediate step between bilirubin and bili- 
verdin. According to them it occurs as a physiological pigment in the bladder- 
bile of several animals and is derived from bilirubin by oxidation. This oxidation 
is brought about by an oxidative ferment existing in the bile. Bililmmin is the 
name given by Stadeler to that brownish amorphous residue which is left after 
extracting gall-stones with chloroform, alcohol, and ether. It does not give 
Gmblin's test. Bilicyanin is also found in human gall-stones (Hbinsius and 
Campbell). Cholohcematm, so called by MacMunn, is a pigment often occurring 
in sheep- and ox-bile and characterized by fom* absorption -bands, which is 
formed from hc^matin by the action of sodium amalgam. In the dried condition, 
as when obtained by the evaporation of the chloroform solution, it is green, and in 
alcoholic solution olive-brown. This pigment, which has also been found by 
Hammarsten ill the bile from the musk-ox and hippopotamus, is, according to 
Marchlewski, identical with the crystalline biUpurpurin isolated by Loebisch 
and Fischler from ox-bile. This latter pigment, according to Marchlewski, is 
not a bile-pigment, but phylloerylhrin^ a transformation product of chlorophylL 
Phylioerytiirin has been detected by Marchlewski ® in the excrement of cows 
fed on green grass. 

Gmelin'b and Huppert^s reactions are generally used to detect the 
presence of bile-pigments in animal fluids or tissues. The first, as a rule, 
can be performed directly, and the presence of proteins does not inteifere 
with it, but, on the contrary, it brings out the play of colors more strik- 


^ Arch, de Phj^sioL (5), 8. 

2 Zeitschr. f. physiol. Chem., 47. 

3 Cited from Hoppe-Seyler, Physiol, u. Path. chem. Analyse, 6. Aufi,, p. 225. 

^ Zeitschr. 1 physiol. Chem., SI. 

® Arch, de Physiol. (5), 9. 

® MacMunn, Journ. of Physiol., 6; Loebisch and Fischler, Wien. Sitzungsber., 112 
(1903); Marchlewski, Zeitschr. f. physiol. Chem., 41, 43, and 45; Hammarsten, ibid., 43, 
and investigations not published. 
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iiigly. If bloGd-coloring matters are present at the same time^ the bile- 
coloring matters are first precipitated by the addition of sodium phosphate 
and milk of lime. This precipitate containing the bile-pigments may be 
used directly in Hu ppert^s reaction, or a little of the precipitate may be 
dissolved in Hammarsten’s reagent. Bilirubin is detected in blood, 
according to Hedenius,^ by precipitating the proteins with alcohol, filtering 
and acidifying the filtrate with hydrochloric or sulphuric acid, and boiling. 
The liquid becomes of a greenish color. Serum and serous fluids may be 
boiled directly with a little acid after the addition of alcohol. 

Besides the bile-acids and the bile-pigments, there occur in the bile also 
cholesterin, lecithin, jecorin or other phosphatides (Hammarsten), palmitin, 
stearin, olein, myristic acid (Lassar-Cohn ^), soaps, ethereal sulphuric acids, 
conjugated glucuronates, diastatic and proteolytic enzymes. Choline and 
glycerophosphoric acid, when they are present, may be considered as decom- 
position products of lecithin. Urea occurs, though only in traces, as a 
physiological constituent of human, ox, and dog bile. Urea occurs in the 
bile of the shark and ray in such large quantities that it forms one of the 
chief constituents of the bile.^ The mineral constituents of the bile are, 
besides the alkalies, to which the bile-acids are united, sodium and potas- 
sium chloride, calcium and magnesium phosphate, and iron — 0.04r-0.115 
p. m. in human bile, chiefly combined with phosphoric acid (Young ^). 
Traces of copper are habitually present, and traces of zinc are often found. 
Sulphates are entirely absent, or occur only in very small amounts. 

The quantity of iron in the bile varies greatly. According to Novi it 
is dependent upon the kind of food, and in dogs it is lowest with a bread 
diet and highest with a meat diet. According to Dastre this is not the 
case. The quantity of iron in the bile varies even though a constant diet is 
maintained, and the variation is dependent upon the formation and destruc- 
tion of blood. According to Beccari ^ the iron does not disappear from 
the bile in inanition, and the percentage shows no constant diminution. 
The question as to the extent of elimination by the bile of the iron intro- 
duced into the body has received various answers. There is no doubt 
that the liver has the property of collecting and retaining iron as well as 
other metals from the blood. Certain investigators, such as Novi and 
Kunicel, are of the opinion that the iron introduced and transitorily 
retained in the liver is eliminated by the bile, while others, such as Ham- 


^ Upsala LMcaref. Fork., 29, and Maly's Jahresber., 24. 

® Zeitschr. f. physiol. Chem., 17; Hammersten, ibid., 32, 30 and 43. 

^ Hainmarsten, ibid., 24. 

* Jonrn. of Anat. and Physiol., 5; 158, 

® Novi, see Maly's Jahresber,, 20; Dastre Arch, de Physiol. (5), 3;: Beccari, Arch, 
ital. de Biol., 28. 
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BXJKGE% Gottlieb, and Anselm, ^ deny:- any such elimination of iron' by 
the bile. 

Quantifative Composition of the Bile, Complete analyses of human bile 
have been made by Hoppe-Seyler and his pupils. The bile was removed 
as fresh as possible from the gall-bladder of those cadavers the livers of 
which were in no sense pathological. 

Older and less complete analyses of human bile have been made by 
Frerichs and V. Gorup-Besanez.^ The bile analyzed by them was from 
perfectly healthy persons who had been executed or accidentally killed. 
The two analyses of Frerichs are, respectively, of (I) an 18-year-oId and 
(II) a 22-year-old male. The analyses of v. Gorup-Besanez are of (I) a 
man of 49 and (II) a woman of 29. The results are, as usual, in parts 
per 1000. 

Frerichs. v. Gorup-Besanez. 



I. 

II. 

I. 

11. 

Water 

.. 860.0 

859.2 

822.7 

898.1 

Solids 

.. 140.0 

140.8 

177.3 

101.9 

Biliary salts 

.. 72.2 

91.4 

107.9 

56.0 

Mucus and pigments . . . 

. . 26.6 

29.8 

22.1 

14.5 

Cholesterin 

Fat 

.. 1.6 
. . 3.2 

2.61 

9.2/ 

47.3 

30.9 

Inorganic substances . . 

. . 6.5 

7.7 

10.8 

6.2 


Human liver-bile is poorer in solids than the bladder-bile. In several 
cases it contained only 12-18 p. m. solids, but the bile in these cases is 
hardly to be considered as normal. Jacobsen found 22.4-22.8 p. m. solids 
in a specimen of bile. Hammarsten, who had occasion to analyze the 
liver-bile in seven cases of biliary fistula, has repeatedly found 25-28 p. m. 
solids. In a case of a corpulent woman the quantity of solids in the liver- 
bile varied between 30.10-38.6 p. m. in ten days. Brand ^ has observed 
still higher figures, more than 40 p. m, in a couple of cases. This investi- 
gator suggests that the bile from an imperfect fistula, 'when it is partly 
absorbed, is richer in solids than when it comes from a perfect fistula. 

The molecular concentration of human bile, according to Brand, 
Bonanni, and Strauss,^ is nearly always identical with that of the blood, 
although the amount of water and solids varies. The freezing-point varies 
only between —0.54^ and —0.58^. This constancy of the osmotic pressure 



^ Kunkei, Pfiiiger’s Arcli.^ 14; Hamburger, Zeitschr. t physiol Chem., 2 and 4; 
Gottlieb, ibid,, 15; Anselm, ^‘Ueber die Eisenaussclieidung der Galie/^ Inaug.-Diss. 
Dor pat, 1891. ^ See also the works cited in foot-note 3, p. 244. 


3 See Hoppe-Seyler, Physiol Chem., 301; Socolofi, Pfiuger^s Arch., 12; Trifanow- 
ski, ibid., 9; Frerichs in Hoppe-SeyleFs Physiol Chem., 299; v. Gorup-Besanez, ibid, 
Jacobsen, Ber. d. deutsch.' chem..,Gesel}scli5 Hammarsten, Nova Acta Eeg.: 
Boc Scient. Upsala, 16; Brand, PdiigeFs Arch./ 90. 

^ Brand, L e.; Bonanni, Biochem. Centralbl, 1; Strauss, Berl klin. Wochenschr., 
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is explained by the fact that in concentrated biles with larger amounts of 
organic substances (with larger molecules) the amount of inorganic salts 
■ isTower.b , , / ■ 

Human bile sometimes, but not always, contains sulphur in an ethereal 
sulphiiric-acid-like combination (Hammarsten, Oerum, Brand). The 
quantity of such sulphur may even amount to J-l of the total sulphur. 
We do not know the nature of these ethereal sulphuric acids. According 
to Oerum ^ they are not precipitated by lead acetate, but are precipitated 
by basic lead acetate, especially with ammonia. Human bile is habitually 
richer in glycocholic than in taurocholic acid. In six cases of liver-bile 
anal 3 "zed by Hammarsten the relationship of taurocholic to glycocholic 
acid varied between 1:2.07 and 1:14.36. The bile analyzed by Jacobsen 
contained no taurocholic acid. 

As an example of the composition of human liver-bile the following 
results of three analyses made by Hammarsten are given. The results 
are calculated in parts per 1000.^ 


Solids 

.. 25.200 

35.260 

25.400 

Water 

.. 974.800 

964.740 

974.600 

Mucin and pigments. . . . 

.. 5.290 

4.290 

5.150 

Bile-salts 

.. 9.310 

18.240 

9.040 

Taurocholate 

. 3.034 

2.079 

2.180 

Gtycocholate 

6.276 

16.161 

6.860 

Fatty acids from soaps. . , 

1.230 

1.360 

1.010 

Cholesterin 

,. 0.630 

1.600 

1 . 500 

Lecithin 

* j 0.220 

0.574 

0.650 

Fat 

0.966 

0.610 

Soluble salts 

! 8.070 

6.760 

7.250 

Insoluble salts 

. 0.250 

0.490 

0.210 


Among the mineral constituents the chlorine and sodium occur to the 
greatest extent. The relationship between potassium and sodium varies 
considerably in different samples. Sulphuric acid and phosphoric acid 
occur only in very small quantities. 

Baginsky and Sommerpeld^ have found true mucin, mixed with 
some nucleoalbumin, in the bladder-bile of children. The bile contained 
on an average 896,5 p. m. water; 103.5 p. m. solids; 20 p. m. mucin; 9.1 
p. m. mineral substances; 25.2 p. m. bile-salts (of which 16.3 p. m, were 
glycocholate and 8.9 p. m. taurocholate) ; 3.4 p, m. cholesterin; 6.7 p. m. 
fat, and 2.8 p. m. leucine.^ 

The quantity of pigment in human bile is, according to Noel-Paton, 
0.4-1. 3 p. m. (in a case of biliary fistula). The method used in determining 

^ See Brand, 1. c.; Hammarsten, 1. c. , ■ , 

® Recent quantitative analyses may be found in Brand, L c.; v, Zleynek, Wien. 
Min. Wochenschr., 1899; Bonanni, 1. c, .. . 

' ^ VerhandL d, physiol, Gesellsch. zu Berlin, 1894-95. . ^ 

® Analyses of bile from children may be found in Heptner, Maly's. Jahresber., 80. 
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tile . pigments in this case was not .quite trustworthy. More exact results 
obtained by spectrophotometric methods are on record for dog-bile. 
According to Stadelmann ^ dog-bile contains on an average 0.6-0. 7 p. m. 
bilirubin. At the most only 7 milligrams of pigment are secreted per kilo 
of body in the tw^enty-foiir hours. 

In animals the relative proportion of the two acids varies considerably. 
It has been found, on determining the amount of sulphur, that, so far as 
the experiments have gone, taurocholic acid is the prevailing acid in car- 
nivorous mammals, birds, snakes, and fishes. Among the herbivora, 
sheep and goats have a predominance of taurocholic acid in the bile. Gx- 
bile sometimes contains taurocholic acid in excess, in other cases glyco- 
cholic acid predominates, and in a few cases the latter occurs almost alone. 
The bile of the rabbit, hare, kangaroo, hippopotamus, and orang-utang 
(Hammarsten*^) contains, like the bile of the pig, almost exclusively glyco- 
cholic acid. A distinct influence on the relative amounts of the two bile- 
acids exerted by differences in diet has not been detected. Ritter ^ claims 
to have found a decrease in the quantity of taurocholic acid in calves when 
they pass from the milk to the vegetable diet. 

In the above-mentioned calculation of the taurocholic acid from the 
quantity of sulphur in the bile-salts it must be remarked that no exact con- 
clusion can be drawn from such a determination, since it is knowm that 
other kinds of bile (e.g., human and shark bile) contain sulphur in com- 
pounds other than taurocholic acid.'^ 

The phosphorized constituents of bile are not well known; nevertheless, 
there is no doubt that bile contains other phosphatides besides lecithin 
(Hammarsten). These phosphatides are in part precipitated in the 
precipitation of the bile-salts and they in part keep the bile-salts in solution, 
preventing their complete precipitation, and hence they have a double 
disturbing action in the quantitative analysis of bile. Those biles richest 
in phosphatides, so far as known, are the following, in the order of 
their amount: polar bear, man (in special cases), dog, black bear, orang- 
utang. The bile of certain fishes contains but little phosphatides (Ham- 
marsten '^). 

The cholesterin, which, according to several investigators, not only origi- 
nates from the liver, but also from the biliary passages, occurs in larger 
quantities in the bladder-bile than in the liver-bile, and is present to a 


^Noei-Paton, Rep. Lab. Roy. Soc. Coll. Phys. Edinburgh, Stadelrnann, Der 

® Investigations not published. See Ergebnisse der Physiol., 4. 

^ Cited from Maly's Jahresber., 6, 195. 

^Hammarsten, Zeitschr. t physiol. Chem,, 32, and Ergebnisse der Physiol., 4. 

_ Zeitschr, £. physiol. Chem., 30, and Ergebnisse der Physiol, 4. . ' 
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greater extent in the non-filtered than in the filtered bile (Doy on and 
Dufouet^).., " 

The gases of the bile consist of a large quantity of carbon dioxide^ which 
increases with the amount of alkalies, only traces of oxygen, and a very 
small quantity of nitrogen. 

Little is known in regard to the 'properties of the bile in disease. The quantity 
of urea is found to be considerably increased in urgemia. Leucine and tyrosine are 
observed in acute yellow atrophy of the liver and in typhoid. Traces of albumin 
(without regard to nucleoalbumin) have several times been found in the human 
bile. The so-called pigmentary a^holia, or the secretion of a bile containing 
bile-acids but no bile-pigments, has also been repeatedly noticed. In ail such 
cases observed by Ritter he found a fatty degeneration of the liver-cells, in re- 
turn for which, even in excessive fatty infiltration, a normal bile containing pig- 
ments was secreted. The secretion of a bile nearly free from bile-acids has been 
observed by Hoppe-Seyler ’■ in amyloid degeneration of the liver. In animals, 
dogs, and especially rabbits it has been observed that the blood-pigments pass 
into the bile in poisoning and in other conditions, causing a destruction of the 
blood-corpuscles, as also after intravenous haemoglobin injection (Wertheimer 
and Meyer, Filehne, Stern ^). Albumin can pass into the bile after the intra- 
venous injection of a foreign protein (casein) (Gurber and Hallauer), as w’ell 
as after poisoning with phosphorus or arsenic (Pilzecker), or after the irrita- 
tion of the liver by the introduction of ethyl alcohol or amyl alcohol (Brauer). 
Sugar occui’s in bile only in exceptional cases.^ 

The physiological secretion of the gall-bladder is according to Wahl- 
GREN^ in man a viscous, alkaline fluid with 11.24-19.63 p. m. solids The 
mucilaginous properties are not due to mucin but to a phosphorized pro- 
tein substance (nucleoalbumin or nucle^proteid). 

Instead of bile there is sometimes found in the gall-bladder under pathological 
conditions a more or less viscous, thready, colorless fluid which contains pseudo- 
mucins or other peculiar protein substances.® 

Chemical Formation of the Bile. The first question to be answered is 
the following: Do the specific constituents of the bile, the bile-acids and 
bile-pigments, originate in the liver; and if this is the case, do they come 
from this organ alone, or are they also formed elsewhere? 

The investigations of the blood, and especially the comparative investi- 
gations of the blood of the portal and hepatic veins under normal condi- 
tions, have not given bjij answer to this question. To decide this, therefore, 


^ Arch, de Physiol. ( 5 ), 8 . 

^ Ritter, Compt. rend., 74, and Journ. de Tanat. et de la physiol. (Robin), 1872 ; 
Hoppe-Seyier, Physiol. Chem., 317. 

^ Wertheimer and Meyer, Compt. rend., 108; Filehne, Virchow^s Arch., 121; Stern, 

^Giirber and Hallauer, Zeitschr. f. Biologie, 45; Pilzecker, Zeitschr. f. physioL 
Chem., 41; Brauer, ibid., 40. , , , . 

® See Malyhs Jahresber., 32. ' , ' . 

® Winternitz, Zeitschr. f. physiol. Chem., 21; Sollmann, Amer. JJetJicine,, 5 (1903) 
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it is necessary to; extirpate the liver of animals or to isolate it the 
circulation. If the bile constituents are not formed in the liver^ or at least 
not alone in this organ, but are eliminated only from the blood, then, after 
the extirpation or removal of the liver from the circulation/ an accumulation 
of the bile constituents is to be expected in the blood and tissues. If the 
bile constituents/ on the contrary, are formed exclusively in the liver, then 
the above operation naturally would give no such result. ^ If the ductus 
choledochus is tied, then the bile constituents will be collected in the blood 
or tissues whether they are formed in the liver or elsewhere. 

From these principles Kobner has tried to demonstrate by experiments 
on frogs that the bile-acids are produced exclusively in the liver. While he 
was unable to detect any bile-acids in the blood and tissues of these animals 
after extirpation of the liver, he was able to discover them on tying the 
ductus choledochus. The investigations of Lxjbwig and Fleisghl^ show 
that in the dog the bile-acids originate in the liver alone. After tying the 
ductus choledochus they observed that the bile constituents were absorbed 
by the lymphatic vessels of the liver and passed into the blood through the 
thoracic duct. Bile-acids could be detected in the blood after such an 
operation, while they could not be detected in the normal blood. But 
when the common bile and thoracic ducts were both tied at the same time, 
then not the least trace of bile-acids could be detected in the blood, while 
if they are also formed in other organs and tissues they should have been 
present. 

From older statements of Cloez and Vulpian, as well as Virchow, the bile- 
acids also occur in the suprarenal capsule. These statements have not been 
confirmed by later investigations of Stadelmann and Beier.'-^ At the present 
time there is no ground for supposing that the bile-acids are formed elsewhere 
than in the liver. 

It has been indubitably proved that the bik’-pigmeyits may be formed in 
other organs besides the liver, for, as is generally admitted, the coloring- 
matter haematoidin, which occurs in old blood extravasations, is identical 
with the bile-pigment bilirubin (see page 320). Latschenberger*'^ has 
also observed in horses, under pathological conditions, a formation of bile- 
pigments from the blood-coloring matters in the tissues. Also the occur- 
rence of bile-pigments in the placenta seems to depend on their formation 
in that organ, while the occurrence of small quantities of bile-pigments in 
the blood-serum of certain animals probably depends on an absorption of 
these substances. 

^ Kobner, see Heidenhain, Physiologie der , Absonderungsvorgange, in Hermann’'s 
Handbuch, 5; Fleischl, Arbeitea aus der physiol. Anstalt ssu Leipzig, Jahrgang 

“ Zeitschr- f. physiol Chem., 18, in which the older literature may be found. 

® See Malyh's Jahresber., 16, and Moas^tshefte f. Ghein., 9. ; v' ' 
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Although the bile“pigments may "be formed in other organs besides the 
liver^ still it is of first importance to know what bearing this organ has on 
the elimination and formation of bile-pigments. In this regard it must be 
recalled that the liver is an excretory organ for the bile-pigments circulat- 
ing in the blood. Tarchanopf has observed, in a dog with biliary fistula, 
that intravenous injection of bilirubin causes a very considerable increase in 
the bile-pigments eliminated. This statement has been confirmed lately 
by the investigations of Vossius.^ 

Numerous experiments have been made to decide the question whether 
the bile-pigments are only eliminated by the liver or whether they are also 
formed therein. By experimenting on pigeons, Stern was able to detect 
bile-pigments in the blood-serum five hours after tying the biliary passages 
alone, while after tying all the vessels of the liver and also the biliary pas- 
sages, no bile-pigments could be detected either in the blood or the tissues 
of the animal, which was killed 10-24 hours after the operation. Min- 
kowski and Natjnyn ^ have also found that poisoning with arseniuretted 
hydrogen produces a liberal formation of bile-pigments and the secretion, 
after a short time, of a urine rich in biliverdin in previously healthy geese. 
In geese with extirpated livers this does not occur. 

No such experiments can be carried out on mammalia, as they do not 
live long enough after the operation; still there is no doubt that this organ 
is the chief seat of the formation of bile-pigments under physiological con- 
ditions. 

In regard to the materials from which the bile-acids are produced, it 
may be said with certainty that the two components, glycocoil and taurine, 
which are both nitrogenized, are formed from the protein bodies. The 
close relationship of taurine to the cystine group of the protein molecule 


has been especially shown by the investigations of Friedmann (see Chapter 
II), and veiy recently v. Bergmann ^ has shown by feeding dogs wdth sodium 
cholate and cystine that the animal body can transform cystine into taurine 
and that the taurine of the bile originates from the proteins of the food. In 
regard to the origin of the non-nitrogenized cholic acid, which was formerly 
considered as originating from the fats, nothing is known positively. 

The blood-coloring matters are considered as the mother-substances of 
the bile-pigments. If the identity of hsematoidin and bilirubin was settled 
beyond a doubt, then this view might be considered as proved. Independ- 
ently, however, of this identity^ which is not admitted by all investigators, 
the view that the bile-pigments are derived from the blood-coloring matters ^ 
has strong arguments in its favor. It Has been shown by several experi- 

^ Tarchanofi, Pfluger^s Arch., 9; Vossius, cited from Stadelmaim, Der Icterus/ ’ 

2 Stern, Arch. f. exp. Path. u. Pharm,, 19; Minkowski and Nanhyn, 21. 
s Hofmeister’s Beitrage, 4. See also Wohlgemuth/ ^eitschn, f. 
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menters that a yellow or yellowish-red pigment can be formed from the 
blood-coloring matters, which gives Gmelin^s test,, and which, though it 
may not form a complete bile-pigment, is at least a step in its formation 
(Latschenberger). a further proof of the formation of the bile-pigments 
from the blood-coloring matters consists in the fact that h^matin on reduc- 
tion yields urobilin, which is identical with hydrobilirubin (see Chapter 
XV). Further, hsematoporphyrin (see page 212) and bilirubin are isomers, 
according to Nencki and Sieber, and closely allied. The formation of 
bilirubin from the blood-coloring matters is shown, according to the obser- 
vations of several investigators,^ by the appearance of free haemoglobin in 
the plasma— produced by the destruction of the red corpuscles by widely 
differing influences (see below) or by the injection of haemoglobin solution, 
causing an increased formation of bile-pigments. The amount of pig- 
ments in the bile is not only considerably increased, but the bile-pigments 
may even pass into the urine under certain circumstances (icterus). After 
the injection of haemoglobin solution into a dog either subcutaneously or in 
the peritoneal cavity, Stadelmann and Gorodecki^ observed in the secre- 
tion of pigments by the bile an increase of 61 per cent, which lasted for 
more than twenty-four hours. 

If bilirubin, which contains no iron, is derived from haematin, which con- 
tains iron, then iron must be split off. This process may be represented by the 
following formula, C32H34N405Fe-}-H20— Fe = Cs2H36N406. The question 
in -what form or combination the iron is split off is of special interest, and 
also w^hether it is eliminated by the bile. This latter does not seem to be 
the case, at least to any great extent. In 100 parts of bilirubin which are 
eliminated by the bile there are only 1.4-1.5 parts iron, according to Kun- 
icel; while 100 parts hismatin contain about 9 parts iron. Minkowski 
and Baserin ^ have also found that the abundant formation of bile-pigments 
occurring in poisoning by arseniuretted hydrogen does not increase the 
quantity of iron in the bile. The quantity apparently does not seem to 
correspond with that in the decomposed blood-coloring matters. It follows 
from the researches of several investigators ^ that the iron is, at least chiefly, 
retained by the liver as a ferruginous pigment or protein substance. 

What relationship does the formation of bile-acids bear to the forma- 
tion of bile-pigments? Are these two chief constituents of the bile derived 
simultaneously from the same material, and can we detect a certain eonnec- 


* See Stadelmann, Der Icterus, etc., Stuttgart, 1891. 

^ See Stadelmann, ibid. 

^ Kunkel, Pfiuger's Arch., 14; Minkowski and Baserin, Arch. f. exp. Path, u 

^ See Naunyn^ and Minkowski, Arch,;;L';exp.';;Path. u.' Pharm., 21; Latschenberger 
i 0 .; Neumann, Virchow^s Arch., Ill, and .'the literature in foot-note 2, p. 282. „ : 
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tioii between the formation of bilirubin and bile-acids in the liver? The 
investigations of Stadelmann. teach us that this is not the case. With 
increased formation of bile-pigments the amount of bile-acids is decreased, 
and the introduction of haemoglobin into the liver strongly increases the 
formation of bilirubin^ but simultaneously strongly decreases the produc- 
tion of bile-acids. , According to Stadelmann the formation : of bile- 
pigments and bile-acids is due to a special activity of the cells. 

An absorption of bile from the liver and the passage of the bile con- 
stituents into the blood and urine occurs in retarded discharge of the bile; 
and usually in different forms of hepatogenic icterus. But bile-pigments 
may also pass into the urine under other circumstances; especially when 
in animals a solution or destruction of the red blood-corpuscles takes 
place through injection of water or a solution of biliary salts, through 
poisoning by ether, chloroform, arseniuretted hydrogen, phosphorus, or 
toluylenediamine, and in other cases. This occurs also in man in severe 
infectious diseases. It has also been claimed many times that a transfor- 
mation of blood-pigments into bile-pigments occurs elsewhere than in the 
liver, namely, in the blood. Such a belief has been made very improb- 
able by the important researches of Minkowsici and Naunyn, Afanassiew, 
SiLBERMANN, and especially of Stadelmann, ^ and in some of the above- 
mentioned cases, as after poisoning with phosphorus, toluylenediamine, and 
arseniuretted hydrogen, it has been disproved by direct experiment. 

The icterus is also in these cases hepatogenic * it depends upon an absorp- 
tion of bile-pigments from the liver, and this absorption seems to originate 
in various cases in somewhat different ways. Thus the bile may be 
viscous and cause a congestion of bile by counteracting the low secretion 
pressure. In other cases the fine biliary passages may be compressed by 
an abnormal swelling of the liver-cells, or a catarrh of the bile -passages 
may occur, causing a congestion of the bile (Stadelmann). 

Bile Concretions. 

The concrements which occur in the gall-bladder vary considerably in 
size, form, and number, and are of three kinds, depending upon the kind 
and nature of the bodies forming their chief mass. One group of gall- 
stones contains lime-pigment as chief constituent, another cholesterin, 
and the third calcium carbonate and phosphate. The concrements of the 
last-mentioned group occur very seldom in man. The so-called cholesterin- 
stones are those which occur most frequently in man, while the lime-pig- 
ment stones are not found very often in man, but often in oxen. 


* The literature belonging to this subject is found in Stadelmann, Der Icterus, etc,, 
Stuttgart, 1891. - > ■ 
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The pigment-stones are generally not large in man, but in oxen and 
pigs they are sometimes found the size of a walnut or even larger. In 
most cases they consist chiefly of calcium bilirubin with little or no bili- 
verdin. Sometimes also small black or greenish-black, metallic-looking 
stones are found, which consist chiefly of bilifuscin along with biliverdin. 
Iron and copper seem to be regular constituents of pigment-stones. Man- 
ganese and zinc have also been found in a few cases. The pigment-stones 
are generally heavier than water. 

The cJiolestenn-st 07 ieSj whose size, form, color, and structure may vary 
greatly, are often lighter than water. The fractured surface is radiated, 
crystalline; and frequently shows crystalline, concentric layers. The 
cleavage fracture is waxy in appearance, and the fractured surface when 
rubbed by the finger-nail also becomes like wax. By rubbing against each 
other in the gall-bladder they often become faceted or take other remarkable 
shapes. Their surface is sometimes nearly white and waxlike, but generally 
their color is variable. They are sometimes smooth, in other oases they 
are rough or uneven. The quantity of choiesterin in the stones varies from 
642 to 981 p. m. (Ritter i). The cholesterin-stones also sometimes contain 
variable amounts of lime-pigments, which may give them a very changeable 
appearance. 

Choiesterin, C 27 H 46 O (Obermuller), or, as ordinarily given, C 27 H 44 O 
(Mauthner and Sum a). By the action of concentrated sulphuric acid 
or phosphoric acid, and also in other ways, hydrocarbons are obtained, 
which are called cholesterilinej cholesterone, and cholesterilene. Mauthner 
and SuiDA,^ who have closely studied these hydrocarbons, have been able 
to prepare a crystalline cholesteriline by heating choiesterin with anhydrous 
copper sulphate. The hydrocarbons stand, according to Weyl,^^ in close 
relationship to the terpene group, and the color reactions of choiesterin 
as well as the recent investigations on the constitution of this body seem 
to substantiate this view. Very painstaking and thorough investigations 
on the constitution of choiesterin have been made, of which we must 
especially mention those of Mauthner and Sum a, Windaus and Stein, 
Diels and Abderhalden.^ Although these researches have not lead to 
positive conclusions, still we are justified in concluding that choiesterin prob- 
ably consists of a complex of five hydrogenized rings, of which one con- 

^ Journ, de Fanat. et do la physiol. (Robin), 1872. 

® Obermuller, Arch. £. (Anat. u.)Fhysiol., 1889, and Zeitscllr. f. physiol. Chem., 15; 
Mauthner and Suida, Wien. Sitzungsber., Math. Nat. Kiasse, 103, Abt, 2b, which also 
contains the older literature. 

® Arch; f. (Anat. u.) Physiol,. 1886, p. 182. 

^ Mauthner and Suida, Monatshefte f. Chem., 15, 17, 24; Windaus, ^Tlber Choles- 
^ terin/' Hafo.-Schrift, Freiburg i. B., 1903, :Ber. chem. Geselkeh., 36, 37, and 
39; ‘ with Stem, ibtd., 37; Diels and Abderhalden, iMd., 30, 37, and 39; G. Stein, 

, **tJber Choiesterin,” Inaug.-Disseit.^ Freiburg i.B., 1905. . ^ 
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tains a double bondage and another a secondary alcohol group. Several 
facts seem to make it probable that cholesterin stands close to the 
hydrogenized retene and hence is a complicated terpene. From this 
standpoint; the close relationship between cholesterin and cholic acid is of 
great interest. 

On reduction of cholesterin, and also of the ketone, corre- 

sponding to cholesterin, by means of metallic sodium in amyi-alcohol solu- 
tion, Diels and Abderhalden obtained two isomeric dihydroclioles- 
terines, C 27 H 48 O, a- and ^-cholestanolj of which the first seems to be identical 
with the dihydrocholesterin obtained by Neuberg and 'Raughwerger ^ 
by the action of sodium in amyl-alcohol solution. The identity of a-choles- 
tanol with koprosterin, which will be mentioned below, is considered by 
Neuberg as not improbable, while Diels and Abderhalden deny this. 

Cholesterin occurs in small amounts in nearly all animal fluids and 
juices. It occurs only rarely in the urine, and then in very small quanti- 
ties. It is also found in the different tissues and organs, especially abun- 
dant in the brain and the nervous system; further, in the yolk of the egg, 
in semen, in wool-fat (together with isocholesterin), and in sebum. It 
appears also in the contents of the intestine, in excrements, and in the 
meconium. It especially occurs pathologically in gall-stones, as well as in 
atheromatous cysts, in pus, in tuberculous masses, old transudates, cystic 
fluids, sputum, and tumors. It does not exist free in all cases; for exam- 
ple, it exists in part as fatty-acid esters in wool-fat, blood, lymph, brain, 
vernix caseosa, and epidermis formations. Several kinds of cholesterin, 
called phytosterines, have been found in the vegetable kingdom. 

Cholesterin which has been crystallized from warm alcohol on cooling 
and that which is present in old transudates contains 1 molecule of water of 
crystallization, melts at 145^ C., and forms colorless, transparent plates 


whose sides and angles frequently appear broken and whose acute angle is 
often 76° 30' or 87° 30'. ' In large quantities it appears as a mass of wRite 
plates which shine like mother-of-pearl and have a greasy feeling. 

Cholesterin is insoluble in water, dilute acids, and alkalies. It is neither 
dissolved nor changed by boiling caustic alkali. It is easily soluble in boil- 
ing alcohol and crystallizes on cooling. It dissolves readily in ether, 
chloroform, and benzene, and also in the volatile or fatty oils. It is dis- 
solved to a slight extent by alkali salts of the bile-acids, better in the pres- 
ence of oleic soap (Gerard 2). The solutions in ether and chloroform are 
levorotatory. 

Among the many compounds of cholesterin studied by Obermulleb 
the propionic ester C 2 H 5 .CO.O.C^ 7 H 45 is of special interest because of the 


^ Salkowski^s Festschrift, 1904, and Neuberg, Ber. d. d. chem. Gesellsbh., S 
^ Comp t. rend. soo. biolog., 58. , . , , ’ 
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behavior of the fused compound on cooling, and it is used in the detection 
of cholesterin. For the detection of cholesterin use is made of its reaction 
with concentrated sulphuric acid, which gives colored products. 

' If a mixture of five parts sulphuric acid and one part water acts on 
a cholesterin crystal, this crystal will show colored rings, first a bright 
carmine-red and then violet. This fact is employed in the microscopic 
detection of cholesterin. Another test, and one very good for the micro- 
scopical detection of cholesterin, consists in treating the crystals first with 
the above dilute acid and then with some iodine solution. The crystals 
will be gradually colored violet, bluish green, and a beautiful blue. 

Salkowski^s ^ Reaction. The cholesterin is dissolved in chloroform 
and then treated with an equal volume of concentrated sulphuric acid. 
The cholesterin solution becomes first bluish red, then gradually more 
violet-red, while the sulphuric acid appears dark red with a greenish fluor- 
escence. If the chloroform solution is poured into a porcelain dish it 
becomes violet, then green, and finally yellow. 

Lieberiviann-Buecharb^s 2 Reaction. Dissolve the cholesterin in about 
2 c.c. chloroform and add first 10 drops of acetic anhydride and then con- 
centrated sul|)huric acid drop by drop. The color of the mixture will 
first be a beautiful red, then blue, and finally, if not too much cholesterin 
or sulphuric acid is present, a permanent green. In the presence of very 
little cholesterin the green color may appear immediately. 

Neuberg Rauchw^rger's^ Reaction, With rhamnose, or better still 
with 5-methylfurfurol and concentrated sulphuric acid, an alcoholic 
solution of cholesterin gives a pink ring, or after mixing the liquids and 
cooling, a pink solution. On proper dilution an absorption-band can be 
seen just beginning before E and whose other side coincides with h. This 
reaction is of interest because it is also given by bile-acids, some camphor 
derivatives, abietinic acid, and a hydride of retene. For details of its 
performance, see original publication. 

Pm^e, dry cholesterin when fused in a test-tube over a low flame with two or 
three drops of propionic anhydride yields a mass which on cooling is first violet, 
then blue, green, orange, carmine-red, and finally copper-red. It is best to re-fuse 
the mass on a glass rod and then to observe the rod on cooling, holding it against 
a dark background (Obermuller). 

Schipf's Reaction. If a little cholesterin is placed in a porcelain dish with 
the addition of a few drops of a mixture of 2 or 3 voFs. of concentrated hydrochioric 
acid or sulphuric acid and 1 voL of a rather dilute solution of ferric chloride 
and carefully evaporated to dryness over a small flame, a reddish-violet residue 


is first obtained and then a bluish-violet. 

2 G. Liebemiann, Ber. d. deutsch. chem. Gesellsch., 18. 1804; H. Burchard, Bei- 
trage 2 ur Kenntnis der Cholesterine, Rostock, lS$9. 

* Salkowski's Festschrift, 1904 
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If a small quantity of cholesterin is evaporated to dryness with a drop of 
concentrated nitric acid^ one obtains a yellow spot wliicii becomes deep orange-red 
with ammonia or caustic soda (not a characteristic reaction). 

Koprosterin is the name given by Bondzynski to the cholesterin which was 
isolated by him from human fseces, although it was prepared earlier by Flint 
and designated as stercorm. It dissolves in cold, absolute alcohol and very readily 
in ether, chloroform, and benzene. It crystallizes in line needles which melt at 
95-96® C. (89-90® according to Hausmann),^ and is dextrorotatory, (a ) d = 4-24®. 
It gives the same color reactions as cholesterin, with the exception that it does 
not give a reaction with propionic anhydride. According to Bondzynski and 
Humnicki it is a dihydrocholesterin, with the formula C27H48O, w^hicli is formed 
in the human intestine by the reduction of ordinary cholesterin. These investi- 
gators have found another cholesterin, Mppokoprosterinj with the formula C27H54O, 
in horses^ fseces. 

Igochoiesterin is a cholesterin, so called by Schulze, ^ with the formula 
C2GH43OH, which occurs in wool-fat and is therefore found to a great extent in 
so-called lanolin. It gives the Liebermann-Bukchakd reaction, but does not 
give Salkowski^s reaction. It melts at 138-138.5® C. 

Spongosteriti is the name givenby Henze ^ to a cholesterin isolated by him 
from a siiicious sponge. It is very similar to cholesterin but is not identical wuth 
it or with phytocholesterins. It gives the Liebermann-Burchard reaction as 
well as Salkowski^s reaction, but the last test is not quite so beautiful a red. 

■ ' 25 ' ■ 

Obermuller's reaction is negative. Its specific rotation is («)p = 19.59®. 


The cholesterins belong to the so-called lipoids, which have been men- 
tioned in previous chapters (V and VI) and are of the greatest importance 
as constituents of the outer envelope of erythrocytes and the cells in 
general. In this regard the cholesterin is of special interest for haemolysis, 
in that, as showm b}- Ransom, it inhibits the haemolytic action of saponin 
and hence it has a certain protective powder in the animal body. This 
action of cholesterin, as found by Hausmann, is destro^^ed by replacing 
the hydroxyl groups. According to Madsen and Noguchi^ the combina- 
tion of cholesterin and saponin is a loose one. 


The so-called cholesterin-stones are best employed in the preparation 
of cholesterin. The powder is first boiled with water and then repeatedly 
boiled with alcohol The cholesterin which on cooling separates from the 
warm filtered solution is boiled with a solution of caustic potash in alcohol 
so as to saponify any fat. After the evaporation of the alcohol the choles- 
terin is extracted from the residue with ether, by which the soaps are not 


^ Bondzynski, Ber. d. deutseh. chem. Gesellsch., 29; Bondzynski and Humnicki, 
Zeitschr. f. physiol. Chem., 22; Flint, ibid,, 23, and .Amer. Journ. Med. Sciences, 1862; 
Muller, Zeitschr. f. physiol. Chem., 29; Hausmann, Hofmeister^s Beitrage, 6. 

^Ber, d. deutseh. chem. Gesellsch., 6; Journal, f. prakt. Chem. (N, F.), 25; and 
Zeitschr. f, physiol Chem., 14, 522. See also E. Schulze and J. Barbieri, Journal f. 
prakt. Chem. (N. F.),25, 159. In regard to the fonnula for isocholesterin, see Darm- 
stadt er and Lifschiitz, Ber. d. deutseh. chem. Gesellsch., 31, and E. Schulze, ibid., 1200. 

2 Zeitschr. f. physiol. Chem., 41. ■ 

^Ransom, Deutseh. med. Woohenschr., 1901; Hausmann, HofmeisteFs Beitrage, 
6; Madsen and Noguchi, Kgl Dansk. yidehsk. Selskabs. Forh.^ 1904. : ; -r 
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dissolved; filter, evaporate the ether, and purify . the :cholesteriii by 
recrystallization' from ■ alcohol-ether. ■ The .cholesterin may be extracted 
with fat from tissues and fluids by first extracting with ether and then 
proceeding as suggested, by Rittee.^ The .'essential, points in his method 
consist in saponifying the fat with sodium alcoholate, removing the alcohol 
by evaporating to dryness with NaCl, and finally extracting the dried, 
pulverized mass with ether. After..evaporating the ether the residue is 
dissolved in as little alcohol as possible and the cholesterin precipitated 
by the addition of water. It is ordinarily easily detected in transudates 
and pathological formations by means of the microscope. 


^ Zeitschr. f. physiol. Chem., M. 




DIGESTION, 

The purpose of digestion is to separate eonstituents of the 

food which serve as the nutriment of the body from those which are useless, 
and to separate each in such alorm that it "may be taken up by the blood 
from the " alimentary canal and employed for various purposes in the^ 
organism. This demands not only mechanical, but also chemical action. 
The first action, which is essentially dependent upon the physical properties 
of the food, consists in a tearing, cutting, crushing, or grinding of the food, 
w’hile the second serves chiefly in converting the nutritive bodies into a 
soluble and easily absorbed form, or in splitting them into simpler 
compounds for use in the animal syntheses. The solution of the nutritive 
bodies may take place in certain cases by the aid of water alone, but in 
most cases a chemical metamorphosis or cleavage is necessary; this is 
effected b}^ means of the acid or alkaline fluids secreted by the glands. The 
study of the processes of digestion from a chemical standpoint must there- 
fore begin with the digestive fluids, their qualitative and quantitative 
composition, as well as their action on the nutriments and foods. 

I. The Salivary Glands and the Saliva. ^ 

The salivary glands are partly albuminous glands (as the parotid in man 
and mammals and the submaxillary in rabbits), partly mucous glands (as 
some of the small glands in the buccal cavity and the sublingual and sub- 
maxillary glands of many animals), and partly mioi^d glands (as the sub- 
maxillary gland in man). The alveoli of the albuminous glands contain cells 
which are rich in proteid but which contain no mucin. The alveoli of the 
mucin-glands contain cells rich in mucin but poor in proteid. Cells arranged 
in different ways, but rich in proteids, also occur in the sub maxillary and 
sublingual glands. According to the analyses of Oidtmann^ the salivary . 
glands of a dog contain 790 p. m. water, 200 p. m. organic and 10 p. m. 

iCit. fromv.Gorup-Besanez, Lehrbuch d. physiol. Chem,, 4. Aufl., 732. i The figures 
there given amount to 1010 parts iostead of 1000 parts. : r . 


I 



340 DIGESTION.; 

' Inorganic solids. ' Among the solids we ...find' mucin, proteids^ nucleoproteids, 
nuclein, enzymes and their 3 i/mo^cns, besides extractive bodies, ^ leucine, xan^. 
thine bodies, and mineral substances. 

The occurrence of a mucinogen has not been proved. On the complete removal 
of ail mucin E. Holmgren ^ found no mucinogen in the submaxiilary gland of the 
0 X 5 but a mucin-like gluconucleoproteid. 

The saliva is a mixture of the secretion of the above-mentioned groups 
of glands; therefore it is proper that a study be made of each of the differ- 
ent secretions by itself and then of the mixed saliva. 

The submaxiilary saliva in man may be easily collected by introducing 
a canula through the papillary opening into Wharton’s duct. 

The submaxiilary saliva has not always the same composition or prop- 
erties; this depends essentially, as showm by experiments on animals, upon 
the conditions under wfiich the secretion takes place. That is to say, the 
secretion is partly dependent on the cerebral system, through the facial 
fibres in the chorda tympani, and partly on the sympathetic nervous system, 
through the fibres entering the vessels in the gland. In consequence of* 
this dependence the two distinct varieties of submaxiilary secretion are 
distinguished as chorda- and sympathetic saliva. A third kind of saliva, 
the so-called paralijtic saliva, is secreted after poisoning with curare or 
after the severing of the glandular nerves. 

The difference between chorda- and sympathetic saliva (in dogs) con- 
sists chiefly in their quantitative constitution; the less abundant sym- 
pathetic saliva is more viscous and richer in solids, especially in mucin, 
than the more abundant chorda-saliva. The specific gravity of the chorda- 
saliva of the dog is 1.0039-1.0056, and contains 12-14 p. m. solids (Eck- 
HARU^). The sympathetic has a specific gravity of 1.0075-1.018, with 
16-28 p. m. solids. The freezing-point of the chorda-saliva obtained from 
dogs on electric stimulation varies, according to Nolp,^ between J == —0.193® 
and —0.396®, with a content of 3.3-6.5 p. m. salts and 4, 1-1 1.5 p. m. organic 
substances. The osmotic pressure is on an average a little higher than 
one half the osmotic pressure of the blood-serum. The spontaneously 
secreted submaxiilary saliva is ordinarily somewdiat diluted. Other 
investigators, such as Asher and Cutter,^ have also found that the osmotic 
pressure of the submaxiilary saliva is considerably lower than that of the 
blood. The gases of the chorda-saliva, have been investigated by Pflijger.^ 
He found 0.5-0.8 per cent oxygen, 0.9-1 per cent nitrogen, and 64.73-85.13 

2 Cited from Kulme^s Lekrb. d. , physiol. Chem,, 7 
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per cent carbon dioxide— all results calculated at 0® C. and 760 mm. pres- 
sure. The greater part of the carbon dioxide was chemically combined. 

The two kinds of submaxillary secretion just named have not thus 
far been separately studied in man. The secretion may be excited by an 
emotion, by mastication, and by irritating the mucous membrane of the 
mouth, especially with acid-tasting substances. The submaxillary saliva 
in man is ordinarily clear, rather thin, a little ropy, and froths easily. Its 
reaction is alkaline towards litmus. The specific gravity is I.002~1.003, 
and it contains 3.6“-4.5 p. m. solids.^ As organic constituents are found 
mucin, traces of proteid and diastatic enzyme, which latter is absent in 
several species of animals. The inorganic bodies are alkali chlorides, 
sodium and magnesium phosphates, and bicarbonates of the alkalies and 
calcium. Potassium sulphocyanide occurs in this saliva. 

The Sublingual Saliva. The secretion of this saliva is also influenced 
by the cerebral and the sympathetic nervous system. The chorda-saliva, 
which is secreted only to a small extent, contains numerous salivary cor- 
puscles, but is otherwise transparent and very ropy. Its reaction is 
alkaline, and it contains, according to Heidenhain,^ 27.5 p. m. solids (in 
dogs). 

The sublingual seGretion in man is clear, mucilaginous, mbre alka- 
line than the submaxillary saliva, and contains mucin, diastatic enzyme, 
and potassium sulphocyanide.^^^ ^ 

Buccal mucus can be’ obtained pure from animals only by the method 
suggested by Bidder and Schmidt, which consists in tying the exit to all 
the large salivary glands and cutting off their secretion from the mouth. 
The quantity of liquid secreted under these circumstances (in dogs) was 
so very small that the investigators named were able to collect only 2 
grams of buccal mucus in the course of one hour. It is a thick, ropy, sticky 
liquid containing mucin; it is rich in form-elements, above all in flat epi- 
thelium-cells, mucous ceils, and salivary corpuscles. The quantity of solids 
in the buccal mucus of the dog is, according to Bidder and Schmidt, ^ 
9.98 p. m. 

Parotid Saliva* The secretion , of this saliva is also partly dependent 
on the cerebral nervous system (n. glossopharyngeus) and partly on the 
sympathetic. The secretion may be excited by emotions and b};^ irri- 
tation of the glandular nerves, either directly (in animals) or reflexly, by 
mechanical or chemical irritation of the mucous membrane of the mouth. 
Among the chemical irritants the acids take first place. Mastication also 


^ See Maly, '^Chexnie der VerdanungssMte und der Verdammg, ” in Hermann's 
Handb., 5, part II, 18, This article contains also the pertinent literature. 

2 Studien d. physiol. Institute 2 ;u Breslau, Heft 4. ' 

® Die Verdaoungssafte und der Stoffwechsel (Mitau and Leipzig, 1852)f fi 
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exercises .a strong influence upon the secretion of parotid saliva,, which' is 
specially marked in certain herbivora. 

Human parotid saliva may be readily collected by the introduction of a 
canula into Stenson^s duct. This saliva is thin, less alkaline than the 
submaxillary saliva (the first drops are sometimes neutral or acid), without 
special odor or taste. It contains a little proteid but no mucin, which is to 
be expected from the construction of the gland. It also contains a diastatic 
enzyme, which, however, is absent in many animals. The quantity of solids 
varies between 5 and 16 p. m. The specific gravity is 1.003-1.012. Potas- 
sium siilpliocyaiiide seems to be present, though it is not a constant con- 
stituent. Kulz ^ found a maximum of 1.46 per cent oxygen, 3.8 per cent 
nitrogen, and in all 66.7 per cent carbon dioxide in human parotid saliva. 
The quantity of firmly combined carbon dioxide was 62 per cent. 

The quantity and composition of the saliva from the mucin glands as 
well as from the albuminous glands, as Pawlow^s^ school has shown, is 
greatly dependent in dogs upon the psychical excitement, but also upon the 
kind of substances introduced into the mouth, and an adaptation of the 
glands for various mechanical and chemical irritants is found to occur. 
Under the influence of hard and dry food the glands secrete abundance of 
saliva, while with food rich in water the secretion is considerably less and 
accommodates itself according to the quantity of water in the food. Milk 
is an exception to this rule, as it causes a more abundant secretion of saliva 
than meat. This is of importance in digestion of milk, as in the stomach 
the mixture of milk and saliva does not coagulate to a. compact mass but 
separates in a finely divided, readily digestible condition. By the action of 
strong chemical bodies the saliva is secreted in proportion to the strength 
of the irritant. The irritants are thereby diluted and the mouth washed 
out at the same time. The partaking of acids brings about the secre- 
tion of a thin saliva, poor in mucin, in quantities sufficient to neutarl- 
ize the acid, while on the introduction of food the glands secrete a saliva 
rich in mucin and diastatic enzymes. 

The mixed buccal saliva in man is a colorless, faintly opalescent, slightly 
ropy, easily frothing liquid without special odor or taste. It is made turbid 
l)y epithelium-cells, mucous and salivary corpuscles, and often by food 
residues. Like the submaxillary and parotid saliva, on exposure to the air 
it becomes covered with an incrustation consisting of calcium carbonate and 
a small quantity of an organic substance, or it gradually becomes cloudy. 
Its reaction is generally alkaline to litmus. , The degree of alkalinity varies 

^ Zeitschr. f. Biologic, ' 

, ^ Arch, internation. cle Physiol., 1, 1904.' See also Neilson and Terry, Amor. Journ. 
of Physiol, 15. Somewhat contradictoiy 'statements in regard to the accommoda- 
tion of the secretion of the glands to requirements (in man) can be found in Zebrovski, 
^fiuger^s Arch., 110. 
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considerably not only in different individuals but also in the same indi- 
vidual during different parts .of the day/ so that it is difficult to state the 
average alkalinity. According to Chittenden and Ely it corresponds to 
the alkalinity of 0.8 p. m. Na 2 C 03 solution, or to 0.2 p. m. solution accord- 
ing to Cohn. According to Foa the actual alkalinity (OH-ion concentra- 
tion) is always considerably less than that found by tirtation, and the 
reaction determined electrometrically is very nearly neutral The reac- 
tion may also be acid, as found by Sticker to be the case some time after 
a meal, but this is not true at least for all individuals. The specific gra^dty 
varies between 1.002 and 1.008, and the quantity of solids between 5 
and 10 p, m. According to Cohn^, J=—0.20® on an average and the 
amount of NaCl is 1.6 p. m. The solids, irrespective of the form-constitu- 
ents mentioned, consist of 'protein j mticin, oxidases two enzymes/ ptyalin 
and maltasej and mineral bodies It is also claimed that urea is a normal 
constituent of the saliva. The mineral bodies are alkali chlorides, bicar- 
bonates of the alkalies and calcium, phosphates, and traces of sulphates, 
nitrites, ammonia, and sulphocyanides, 'which latter average about 0.1 
p. m. (Munk and others). Smaller quantities, 0.03-0.04 p. m., are found in 
ihe saliva of non-smokers (Schneider and Kruger), while from ordinary 
smokers the quantity of sulphocyanides may rise to 0.2 p. m. (Fleck- 
seder 3). 

Sulphocyanides, which, although not constant, occur in the saliva of 
man and certain animals, may be easily detected by acidifying the saliva 
with, hydrochloric acid and treating with a very dilute solution of ferric 
chloride. As control, especially in the presence of very small quantities, 
it is best to compare the test with another test-tube containing an equal 
amount of acidulated water and ferric chloride. Other methods have 
been suggested by Gscheidlen, Solera, and Ganassini. The quantita- 
tive estimation can be done according to Munk^s ^ method. 

Ptyalin, or salivary diastase, is the amylolytic enzyme of the saliva. 
This enzyme is found in human saliva,^ but not in that of all animals, 


^ Chittenden and Ely, Amer. Chena. Journ., 4, 1883; Chittenden and Richards, 
Amer. Journ. of Physiol., 1; Foa, Compt. rend. soc. biolog., 58; Sticker, cited from 
Centralbl. f. Physiol., 3, 237 ; Cohn, Deutsch. med. Wochenschr., 1900. 

^ Bogdanow-Beresowski, cited from Bxochem. CentraibL, 2, 653. 

®Munk, Virchow^s Arch., 69; Schneider, Amer. Journ. of Physiol, 5; Kruger, 
Zeitschr. f. Biologie, 37; Fleckseder, Centralbl. f. innere Med., 1905. In regard to 
the variation in the amount of various constituents in saliva see Fleckseder, 1. c., and 
Tezner, Arch, internation, de Physiol, 2, 

^Gscheidlen, Maly's Jahresber., 4;.. Solera, see 7 and 8; Munk, Virchow's 
Arch., 69; Ganassini, Biochem. CentraibL, 2, p. 361. 

®In regard to the variation in the quantity of ptyalin in human saliva see Hof- 
bauer, Centralbl f. Physiol, 10, and Chittenden and Richards, Amer. Journ, of Physiol. . 
1; Schiile, Maly's Jahresber., 29; Tezner, L c. 
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: especially not. in.the' typical, carnivora.' It occurs not .only in adults,,' but 
also ill ' new-born infants. In opposition^ to Zweifel’s 'views/ Beegek''^ 
claims that it is^ present not only in the parotid gland of children, but also^ 
in the mucin gland. 

According to H. Goldschmidt^ the saliva (parotid saliva) of the horse does 
not contain ptyalin, but a isymogen of the same, while in other animals and man 
the ptyalin is formed from the zymogen during secretion. In horses the zymogen 
is transformed into ptyalin during mastication, and bacteria seem, to give the 
impulse to this change. During precipitation with alcohol the zymogen is changed 
into ptyalin. 

Ptyalin has not been isolated in a pure form up to the present time. It 
can be obtained purest by CoHNHEiMts'^ method, which consists in carry- 
ing the enzyme dmvn mechanically with a calcium-phosphate precipitate 
and washing the precipitate with water, which dissolves the ptyalin, and 
from which it can be obtained by precipitating with alcohol For the 
study or demonstration of the action of ptyalin one employs a watery or 
glycerine extract of the salivary glands, or simply the saliva itself. 

Ptyalin, like other enzymes, is characterized by its action. This con- 
sists in converting starch into dextrins and sugar. The process going on 
in this conversion may be described as follows: In the first stages soluble 
starch or amiclulin is formed. From this amidulin, erythrodextrin and 
sugar are produced by hydrolytic cleavage. The erythrodextrin then splits 
into CK-achroodextrin and sugar. From this acliroodextrin by splitting 
^-achroodextrin and sugar are formed, and finally this ^i9-achroodextrin 
splits into sugar and ^'-aehroodextrin. Other investigators explain this 
process in another manner (see Chapter III), hence the exact procedure is 
not completely clear. Still the results are positive as to the sugar pro- 
duced in this process. For a long time it was considered that dextrose was 
the sugar formed from starch and glycogen, but Sefxien and 0. Nasse have 
shown that this is not true. Musetmus and v. Merixg have shown that 
the sugar formed by the action of saliva, amylop>sin, and diastase upon 
starch and glycogen is for the most part; maltose. This has been sul^stan- 
tinted by PmowN and Heron. E. Kulz and J. Vogel ^ have also demon- 
strated that in the saccharification of starch and glycogen, isomaltose, 
maltose, and some dextrose are formed, the varying quantities depending 
upon the amount of feiinent and the length of its action. The formation of 


^Zweifel, Untersuchuagen fiber den Verdauungsapparat der Neugeboreiien (Berlin, 
1874); Berger, see Maly’s Jahresber., 30, 399. ’ ■, 

5 Zeitschr. f . physiol Chem., 10, . , ' , 

® Virchow’s Arch., 28. , . ' , ’ ’ 

*Seegen, CentralbL f. d. med. Wissensch.., 1876, and Pfiuger’s Arch., 19; Nasse- 
14; Musculus and v.-Mering, Zextschrl f. 'physiol;' Chem., 2; Brown and Heron, 
Liebig’s Annal, 199 and 204; /Kiilz hadVogel/ZeitsehA f. Biologic, Jl'. . 
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dextrose is claimed by Tebb, Rohmann, and Hamburger ^ to be only a 
product of the inversion of the maltose by the maltase. 

The action of ptyaiin in various reactions has been the subject of numer- 
ous investigations.^ Natural alkaline saliva is very active, but it is not 
so active as when made neutral. It may be still more active under cer- 
tain, circumstances in faintly acid reaction, and according to Chittenden 
and Smith it acts better when enough hydrochloric acid is added to satu- 
rate the proteins present than when only neutralized. WTien the acid- 
combined protein exceeds a certain amount, then the diastatic action is 
diminished. The addition of alkali to the saliva decreases its diastatic 
action; on neutralizing the alkali with acid or carbon dioxide the retarding 
or preventive action of‘ the alkali is arrested. According to Schierbeck, 
carbon dioxide has an accelerating action in neutral liquids, while Ebstein 
claims that it has, as a rule, a retarding action. Organic as well as inorganic 
acids, when added in sufficient quantity, may stop the diastatic action 
entirely. The degree of acidity necessary in this case is not always the 
same for a certain acid, butps dependent upon the quantity of ferment. 
The same degree of acidity in the presence of large amounts of ferment has 
a weaker action than in the presence of smaller quantities. Hydrochloric 
acid is of special physiological interest in this regard, for it prevents 
the formation of sugar even in very small amounts (0.03 p. m.). Hydro- 
chloric acid has not only the property of preventing the formation of sugar, 
but, as shown by Langley, Nylein, and others, may entirely destroy the 
enzyme. This is important in regard to the physiological significance of 
the saliva. That boiled starch (paste) is quickly, and unboiled starch only 
slowly, converted into sugar is also of interest. Various kinds of unboiled 
starch are converted with different degrees of rapidity. 

Several series of investigations have been made upon the velocity with 
wffiich ptyaiin acts, and as in testing enzyme action in general, the experi- 
menters have not made use of the different times required to produce equal 
chemical changes as a measure of the velocity, but have taken the quan- 
tities of substance changed in equal times. Although the results are some- 
what divergent it is possible to deduce the following from them. The 
velocity increases, at least under conditions otherwise favorable, \vith the 
amount of enzyme and with an increasing temperature to a little above 40® C. 


^Tebb, Journ. of Physiol, 15; Eohmann, Ber. d. deutsch. ehem. Gesellsch,, 27; 
Hamburger, PfiugeFs Arch., 60. ,, 

^ See Plammarsten, Maly's Jahresber., 1; Chittenden and Griswold, Amer. Chem. 
Joum., 3; Langley, Journal of Physiol, 3; Nylen, Malyhs Jahresber., 12, 241; Chit- 
tenden and Ely, Amer. Chem. Journ., 4; . Langley and Eves, Journal of Physiol, 4; 
Chittenden and Smith, Yale College Studies, 1, 1885, 1;. Schlesinger, Virchow's Arch., 
125; Schierbeck, Skand. Arch, i Physiol, 3; Ebstein and C. Schulze, Virchow's Arch. 
134; Kubel, PfiugePs Arch., 76. ^ ' - ■ , 
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Foreign mhstances, m.Ai as metallic salts/ have different effects. Certain 
salts even in small quantities completely arrest the action; for example, 
TIgCl 2 accomplishes this result completely by the presence of only 0.05 p. m 
Other salts, such as magnesium sulphate, in small quantities (0.25 p. m.) 
accelerate, and in larger quantities (5 p. m.) check the action. The presence 
of peptone has an accelerating action on the sugar formation (Chittenden 
and Smith and others). The accumulation of the products of the amylolytic 
decomposition also checks the action of the saliva. This has been shown by 
special experiments made by Sh. Lea.^ He made parallel experiments 
with digestions in test-tubes and in dialyzers, and found on the removal of 
the products of the amylolytic decomposition by dialysis that the forma- 
tion of sugar took place sooner, but also that considerably more maltose 
and less dextrin were formed. 

To show the action of saliva or ptyalin on starch the three ordinary 
tests for dextrose may be used, namely, Moore^s or Trommbr’s test or 
the bismuth test (see Chapter XV). It is also necessary, as a control, to 
first test the starch-paste and the saliva for the presence of dextrose. The 
steps in the transformation of starch into amidulin, erythrodextrin, and 
achroodextrin may be shown by testing with iodine. 

Maltase occurs in saliva to only a slight extent. It converts maltose 
into dextrose. According to Sticker ^ saliva also has the power of splitting 
sulphuretted hydrogen from the sulphur oils of radishes, onions, and cer- 
tain other vegetables. 

The quantitative composition of the mixed saliva must vary considerably, 
not only because of individual differences, but also because under varying 
conditions there may be an unequal division of the secretion from the 
different glands. We give opposite a few analyses of human saliva as 
examples of its composition. The results are in parts per lOOG. 

Hammereachee found in 1000 parts of the ash from human saliva: potash 
457.2, soda 95.9, iron oxide 50.11, magnesia 1.55, sulphuric anhydride (SO3) 63.S, 
phosphoric anhydiide (F2O5) 188.48, and chlorine 183.52. 

The quantity of saliva secreted during twenty-four hours cannot be ex- 
actly determined, but has been calculated by Bidder and Schmidt to be 
1400-1500 grams. The most abundant secretion occurs during meal-times. 
According to the calculations and determinations of Tuczek^, in man 1 
gram of gland yields 13 grams of secretion in the course of one hour during 
mastication. These figures correspond fairly well with those representing 


^ See 0, Nasse, Pfiuger^s Arch.^ 11, 'land Ghittenden and Painter, Yale College ^ 
Studies, 1, 1885, 52; IGibel, FfiugePs 

< Bidder and Schmidt, i'e., IS; Tue^k,.Z6itehr, f. Biologie, 12. \ 
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the average secretion from 1 gram of gland in animals^ namely, 14.2 grams 
in the horse and 8 grams in oxen. The quantity of secretion per hour 
may be S to 14 times greater than the entire mass of glands, and there is 
probably no gland in the entire body, so far as is known at present — the 
kidneys not excepted — whose ability of secretion under physiological con-* 



ditions equals that of the salivaiy glands. A remarkably abundant secre- 
tion of saliva is induced by pilocarpine, while atropine, on the contrary, 
prevents it. 

That the secretion of saliva, even if we do not consider such substances 
as ptyalin, mucin, and the like, is not a process of filtration, follows from 
many reasons, especially the following: The salivary glands have, 
a specific propert}^ of eliminating certain substances, such as potas- 
sium salts (SalkowsSki^), iodine, and bromine compounds, but not others, 
for example, iron compounds and dextrose. It is also noticeable that 
the saliva is richer in solids when it is eliminated quickly by gradually in- 
creased stimulation, and in larger quantities than when the secretion is 
slow’er and less abundant (Heidenhain). The amount of salts increases 
also to a certain degree by an increasing rapidity of elimination (Heiden- 
HAiN, Weether, Laxgley and Fletcher, Novi ^). 

Like the secretion processes in general, the secretion of saliva is closely 
connected with the processes in the cells. The chemical processes going on 
in these cells during secretion are still unknown. , . , 

- ^ Zeitsclir. f. physiol. Chem., 5. The other analyses are cited from Maly, Chemie 

der Verdaiiungssafte, Hermann’s Handbuch d. PhysioL, 5, part II, 14. 

® Pleidenhain, Pfliiger’s Arch.,- 17 ;, Werther, ibid., S8; Langley and Fletcher, 
Arch, f- (Anat. n.) PhsyioL, 1888. 
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The Physiological Importance of the Saliva. The quantity of water in 
the saliva renders possible the action of certain bodies on the organs of 
taste^ and it also serves as a solvent for a part of the nutritive substances. 
The importance of the saliva in mastication is especially marked in her- 
bivora, and there is no question as to its importance in facilitating tJie act 
of swallowing. The saliva containing mucin is especially importani- in 
this regard, and Pa WL ow^s school has shown that the secretion also regu- 
lates itself in this regard. The saliva is also of importance, as it serves in 
washing out the mouth and thereby acts as a protection against destruetice 
substances or bodies foreign to the mouth. The power of converting starc^h 
into sugar is not inherent in the saliva of all animals, and even when it pos- 
sesses this property the intensity varies in different animals. In man, 
\vhose saliva forms sugar rapidly, a production of sugar from (boiled) starch 
undoubted^ takes place in the mouth, but how far this action proceeds 
after the morsel has entered the stomach depends upon the rapidity with 
which the acid gastric juice mixes with the swallowed food, and also upon 
the relative amounts of the gastric juice and food in the stomach. The 
large quantity of water which is swallowed with the saliva must be ab- 
sorbed and pass into the blood, and it must in this way go through an 
intermediate circulation in the organism. Thus the organism possesses in 
the saliva an active medium by which a constant stream, conveying the 
dissolved and finely divided bodies, passes into the blood from the intestinal 
canal during digestion. 

Salivary Concrements. The so-called tartar is yellow, gray, yellowish-gray, 
brown or black, and has a stratified structure. It may contain more than 200 p. m. 
organic substances, which consist of mucin, epithelium, and leptothiux-chajns. 
The chief part of the inorganic constituents consists of calcium carbonate and 
phosphate. The salivary calculi may vary in size from that of a small grain to 
that of a pea or still larger (a salivary calculus has been found weighing IS.G 
grams), and they contain variable quantities of organic substances (50-380 p. m.), 
which remain on extracting the calculus with hydrochloric acid. The chief in- 
orgame constituent is calcium carbonate. 


II* The Glands of the Mucous Membrane of the Stomach, and the 

Gastric Juice. 


Since long ago the glands of the mucous coat of the stomach have I)een 
divided into two distinct classes. Those which occur in the greatest abun- 
dance and w’^hich have the greatest size in the fundus are called fumlm gkimls, 
also rennin or. pepsin glands, and the others which occur only in tlie neigh- 
borhood of the pylorus have received the name of pyloric glands ^ sometimes 
also, though incorrectly, called rrjmcom glands. The division of these two 
forms of glands In the mucous membrane of the stomach is essentially 
different in, various ^ 'animals.., . Thu mucous ■ coating of the stomach is cov*: 
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€red throughout with a layer of columnar epithelium, which is generally 
considered as consisting of goblet cells that produce mucus by a metamor- 
phosis of' the protoplasm. 

The fundus glands contain two kinds of cells: adelomorphic or chief 
cells, and delomorphic or parietal cells, the latter formerly called 
RENNiN or pepsin cells. Both kinds consist of protoplasm rich in proteins ; 
but their relationship to coloring-matters seems to show that the protein 
substances of both are not identical. The nucleus must consist cliiefiy of 
nuclein. Besides the above-mentioned constituents, the fundus glands 
contain as more specific constituents several enzymes or their zymogens, 
besides a little fat and cholesterin. 

The pyloric glands contain cells which are generally considered as 
related to the above-mentioned chief cells of the fundus glands. As these 
glands were formerly thought to contain a larger quantity of mucin, they 
wnre also called mucous glands. According to Heide^thain, independent 
of the columnar epithelium of the excretory ducts they take no part worth}' 
of mention in the formation of .mucus, which according to his views is 
effected by the epithelium covering the mucous membrane. The pyloric 
glands also seem to contain the zymogens referred to above. Alkali chlo- 
rides, alkali phosphates, and calcium phosphates are found in the mucous 
coating of the stomach. 

Liebermann ^ has obtained an acid-reacting residue on digesting the mucosa 
of the stomach with pepsin-hydrochloric acid, which strangely enough contained no 
nuclein, but only a protein containing lecithin, called lecithalbiimin. To this 
iecithalbumin he ascribes a great importance in the secretion of hydrochloric acid. 


The Gastric Juice. The observations of Helm and Beaumont on per- 
sons with gastric fistula led to the suggestion that gastric fistulas be made 
on animals, and this operation was first performed by Bassow ^ in 1842 on 
a dog. Verneuil performed the same on a man in 1876 with successful 
results. Pawlow^ has recently improved the surgery of gastric fistula 
and has added much to the study of gastric secretion. 

The secretion of gastric juice is not continuous, at least in man and in 
the mammals experimented upon. It only occurs under psychic influence, 
and also by stimulation of the mucous membrane of the stomach or the 
intestine. The most exhaustive researches on the secretion of gastric juice 
(in dogs) have been made by Pawlow and his pupils. 


^ Pfliiger’s Arch., 50. 

^ Helm, Zwei Krankengeschichten, Wien, 1803, 


cit. from Hermann’s Handbuch, 


5. part II, 39; Beaumont, "The Physiolo^ of Digestion,” 1833; Bassow, Bull, de 
la soc. des natur. de Moscou, 16, cit. from Maly in Hermann’s Handbuch, 5, 38; 
Temeuil, see Ch. Richet, "Du sue gastrique chez Fhomme,” etc. (Paris, 1878), 158. , 

3 Pawlow, Die Arbeit der Verdauungsdriisen (Wiesbaden, 1898), where the works 
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la order to obtain gastric juice free from saliva and food residues they arranged 
besides a gastric fistula also an oesophageal fistula from which the swallowed food 
could be withdrawn with the saliva without entering the stomach, and in this 
manner an apparent feeding was possible. In this way it was possible to study 
the influence of psychical moments on one side and the direct action of food on 
the mucous membrane on the other. After a method suggested by Heioenhain 
and later improved by Pawlo’vV and Chigin, they have succeeded in preparing a 
blind sac by partial dissection of the fundus part of the stomach, and the secretion 
processes could be studied in this sac while the digestion in the other parts of tiie 
stomach was going on. In this way they were able to study the action of different 
foods on the secretion. 

The most essential results of the investigations of Pawlow and his 
pupils are as follows: Mechanical stimulation of the mucosa does not pro- 
duce any secretion. Chemical and mechanical irritations of the mucous 
membrane of the mouth cause no reflex excitation of the secretory nerves 
of the stomach. There are tw^o moments which cause a secretion, namely, 
the psychical moment — the passionate desire for food and the sensation of 
satisfaction and pleasure on partaking it — and the chemical moment, the 
action of certain chemical substances on the mucous membrane of the 
stomach. The first moment is the most important. The secretion occur- 
ring under its influence by the vagus fibres appears earlier than that pro- 
duced by chemical irritants, but only after an interval of at least minutes. 
This secretion is more abundant but less continuous than the “chemical.’^ 
It yields a more acid and active juice than the latter. As chemical excitants 
which cause a secretion reflexively through the stomach mucosa we include 
only water and certain unknown extractive substances contained in meat 
and meat extracts, in impure peptone, and also, it seems, in milk. Accord- 
ing to Herzen and Radzikowski ^ alcohol is also a strong agent in pro- 
ducing a flow of juice. Carbonated alkalies have a preventive instead of 
an accelerating action on secretion. Bitter substances partaken of in 
small amounts a certain time before a meal increase the secretion, while 
larger amounts have a retarding action (Borissow, Strashesko^). Fats 
have a retarding action on the appearance of secretion and diminish the 
quantity of jilice secreted as well as the amount of enzyme. The sub- 
stances, such as egg-albumin, which act as chemical stimulants cannot be 
digested by the “psychicar^ secretion, but may perhaps cause a chemical 
secretion by their decomposition products. 

The quantity of juice secreted during digestion is proportional to the 
quantity of food, and the secretion of gastric juice may also be influenced 
by the kind of food. This action of various foods — meat, bread, and milk — 
may be arranged in progressive series as follows: 


* Fffiager^s Arch., 84, 51S, 

^Borissow, Arch. f. exp. Path* u. Pharm,, 51; Strashesko, see Biochem* Centraibl„ 
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Acidity. 

1. , Meat. 

2. Milk. 

3. Bread. 


Digestive Activity. 

Bread. 

Meat. 

Milk. 


Duration of Secretion. 
Bread. 

Meat. 

Milk. 


The acidity is greatest with a meat diet and lowest with bread; the 
quantity of enzyme is, on the contrary, highest with a bread diet and 
lowest with milk. 

The secretion in the stomach may also be influenced by the small in- 
testine, and in this way, as shown by the investigations of Pawlow and 
his pupils, the fats have a retarding action upon the secretion of juice and 
upon digestion by acting reflexly upon the duodenal mucosa. In dogs on 
feeding fat (oil) with food containing starch, the secretion of gastric juice 
remains reduced during the entire period of feeding, and fat in connection 
with protein food has a similar action, with the exception that in this case 
the retarding action is observed only in the first hours of digestion. Ac- 
cording to PioNTKOWSKi 1 the oil-soaps differ from the neutral fats by 
having a strong action on the flow of juice, and this is the reason why about 
5 to 6 hours after a meal with fat the secretion of juice is stopped, as just 
at this time the soaps are being formed. According to Frouin the food 
in the intestine produces a secretion of gastric juice which continues after 
the action of the psychic moment has ceased. Leconte ^ arrived at sim- 
ilar results, and he ascribes less importance to the chemical secretion as com- 
pared with the psychic secretion than Pawlow does. 

Lonnqxjist 3 has made observations upon dogs as to the dependence 
of the secretion of gastric juice upon the presence of food or substances 
causing flow in the stomach or in the intestine alone, or simultaneously in 
both, with the exclusion of the psychical influence. For this purpose he 
experimented with the stomach, isolated according to Heidenhain-Paw- 
Low, as well as with fistulas in the stomach and intestine, and besides this 
he also separated the stomach and intestine from each other by means 
of a membrane between the pylorus and the intestine produced by oper- 
ative means. An abundant secretion of juice was produced in the stomach 
isolated from the intestine by water, alcohol, meat, and meat extracts, 
and by the digestive products of egg-albumin. Dilute hydrochloric acid 
(0.1-0.5 per cent) or natural gastric juice caused only a faint secretion. 
Dilute sodium-chloride or soda solutions (0.25-0.50 per cent) acted some- 
what like water; stronger soda solutions (1-1.5 per cent) produced a much 
greater secretion of juice. Water or salt solution in the duodenum was 
without action. Liquid fat had (reflexly) a strong retarding action, and 


See Biochem. Centralbl., 8, 660. * . / . 

^ Frouin, Compt. rend. soc. bioL, 58; Leconte, La Cellule, 17. v \ ^ 

5 Bidrag tils Kannedomen om magsaftafsondringen/' Akademisk af handling. Hel- 
singfors, 1906. 
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soda solutions^ in the same manner, had a weaker retarding action. Water 
as well as alcohol was absorbed from the stomach, and the alcohol acted 
for the first half hour as a strong excitant for the flow of juice. 

We know very little positively in regard to the gastric secretion in man. 
According to the older statements the irritants may be mechanical, thermic, 
and chemical Among the chemical excitants we include alcohol and ether, 
which in too great a concentration bring about no physiological secretion, 
rather the transudation of a neutral or faintly alkaline fluid. Certain acids, 
sucli as carbonic acid, neutral salts, meat extracts, spices, and other bodies 
also belong to this group. The statements on this subject are unfortu™ 
nately very imcertain and contradictor}^, still there is no doubt that in 
man, at least, alcohol and meat extracts may be active in causing secre- 
'tion. . . 

The question as to how far the observations made by Pawtlow and his 
school can be applied to man is of special interest; still we have only very 
few statements on this point at the present time. Hornborg,^ who recently 
studied a case of gastric fistula with oesophageal stricture in a boy, could 
not observe any special influence of the psychic excitement. The chewing 
of indifferent or bad tasting bodies had no action, while on the contrary 
the chewing of bodies with a pleasant taste produced a more or less abun- 
dant secretion. LImber^ observed in only one instance, in a case of a 
man after gastrotomy, an insignificant truly psychic secretion of gastric 
juice; chewing of an indifferent body or of chewing-tobacco brought 
about no secretion. After an apparent feeding with meat, with a latent 
period of 3 minutes, a secretion of gastric juice rich in HCi and 
enzymes occurred. Contrary to the behavior in dogs, the juice secreted 
after chewing bread was richer in acid than after chewdng meat; the 
quantity was on the contrary less. Umber also observed that after the 
introduction of a food enema into the rectum a secretion of gastric juice 
was produced by reflex action. Cade and Latarjet 3 have made observa- 
tions on a girl twenty years old who had a blind sac formed by con- 
striction, w^hich w^as analogous to Pawlow^s little stomach.^' The juice 
which flowed from the fistula opening of this blind sac was at least not 
always normal, judging from the amount of acid and by its action. In 
this person a purely psychic secretion was xmquestionably observed by a con- 
tinuous recollection of a pleasant sensation of taste, although it was not 
especially strong. 

From these observations of Hornbgrg and Umber, as well as from some 


^ Homborg, “Bidrag till kannedomen om magsaftafsondringen hos maiiniskaa ' 
Inaug.-Dissert. Helsingfors, 1903. 

^ Berlin. Min. Woeliensciir., 1905. 

■ *Coinpt, rend.- soc. biolog., 5!?-. ' ^ \ , 
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older observations of Schule, Troller, Eiegel, and Scheuer/ we. con- 
clude that in man the psychic secretion is much less than that produced by 
the introduction of food or bodies having a pleasant taste. That the prepar- 
ation of the food in the mouth has an essential influence upon the secretion 
is proven without doubt, but we are not united as to how this action takes 
place. Certain experimenters consider the secreted and swallowed saliva 
as the most essential factor in this’ action, while others believe that the act 
of chewing, and still others that the chemical action and the sense of taste, 
are the most important. 

The Qualitative and Quantitative Composition of the Gastric Juice, The 
human gastric juice, which can seldom be obtained pure and free from 
residues of the food or from mucus and saliva, is a clear, or only very faintly 
cloud}^, and in man nearly colorless fluid of an insipid, acid taste and strong 
acid reaction. It contains, as form-elements, glandular cells or their nuclei, 
mucus-corpuscles, and more or less changed columnar epithelium. 

The acid reaction of the gastric juice depends on the presence of free 
acid, which, as has been learned from the investigations of C. Schmidt, 
Richet, and others, consists, when the gastric juice is pure and free from 
particles of food, chiefi}^ or in large part of hydrochloric acid, Contejean 2 
has regularly found traces of lactic acid in the pure gastric juice of fasting 
dogs. After partaking of food, especially after a meal rich in carbohydrates, 
lacric acid occurs abundantly, and sometimes acetic and butyric acids. In 
new-born dogs the acid of the^stomach is lactic acid, according to Gmelin.^ 
The quantity of free hydrochloric acid in the gastric juice is, according to 
Pawlow and his pupils, in dogs 5-6 p. m., and in cats an average of 5.20 
p. m. HCL In man the acidity has been found to vaiy considerably, but 
it is generally calculated as 2-3 p. m. HCl. According to Verhaegen's 
researches there is no doubt that pure human gastric juice from perfectly 
healthy persons has a higher acidity. Umber observed after apparent 
feeding with bread 3.5 p. m., and Hornborg - found higher results in a 
])oy with gastric fistula. The juice secreted before taking food contained 
3.05 p. m. acid. After taking food the acidity was higher. The acidity 
of juice after bread was 3.65-5.11 p. m., with an average of 4.39 p. m., and 
the juice after meat 4.01-5.66 p. m., or an average of 4.62 p. m. There is 
hardly any doubt that at least a part of the hydrochloric acid of the gastric 
juice does not exist free in the ordinary sense, but combined with organic 


^ The literature may be found in Umber’s work, 1. c. 

^ Bidder and Schmidt, Die Verdauungssafte, etc., 44; Richet, L e.; Contejean, Con- 
tributions a Tetude de la physiol, de Festomae, Theses, Paris, 1892. 

^ Pfiliger’s Arch., 90 and 103. 

See Richet, L e.; Contejean, 1. c.; Yerhaegen, “La Cellule,’’ 1896 and 1897; Um- 
her, 1. c.; Hornborg, 1. c.; and the literature on the estimation of hydrochloric acid 
in the gastric contents (p. 375).; 
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substances. The results obtained for the acidity of gastric juice by 
physical methods are nearly identical with those obtained by titration 

(P. F'banckel4).' 

As chief organic constituent; perfectly fresh gastric juice (of dogs) con- 
tains a very complex substance (or perhaps a mixture of substances) which 
coagulates on boiling and which separates on strongly cooling the juice. 
This substance is considered by certain experimenters (Nencki and SiebeB; 
and Pawlow) as the conveyor of the several ferment actions of the gastric 
juice, i.e.; the pepsin as well as the rennin action. Gastric juice also (^on-- 
tains lecithin and chlorine, and yields nucleoproteid, proteose, nuclein bases, 
and pentose as cleavage products (Nengki and Sieber^). 

The specific gravity of gastric juice is low, 1 , 001 - 1 . 010 . It is corre- 
spondingly poor in solids. Older analyses of gastric juice from man, the dog, 
and the sheep were made by C, Schmidt.^ As these analyses refer only 
to impure gastric juice they are of little value. The quantity of solids 
in saliva-free gastric juice from a dog was 27 p. m., with 17.1 p. m. or- 
ganic substance. The quantity of free hydrochloric acid was 3.1 p. m. 
Besides these Schmidt found NaCl 1.46; CaCl 2 0.6; KCI 1 . 1 ; NH 4 CI 0.5; 
earthy phosphates 1.9; and FeP 04 0.1 p, m. NExcia^ found 5 milli- 
grams sulphocyanic acid per litre "of gastric juice of a dog. The pure 
gastric juice of another dog contained, according to Nexcki and Sieber,^ 
an average of 3.06 p. m. solids. 

Besides the free hydrochloric pepsin, fennin, and a lipase are the 
other physiologically important constituents of gastric juice. 

Pepsin. This enzyme is found, with the exception of certain fishes, in 
all vertebrates thus far investigated. 

Pepsin occurs in adults and in new-born infants. This condition Is 
different in new-born animals. Wliiie in a few herbivora, such as the 
rabbit, pepsin occurs in the mucous coat before birth, this enzyme is 
entirely absent at the birth of those carnivora which have thus far been 
examined, such as the dog and cat. 

In various invertebrates enzymes have also been found ^vhich have a 
proteolytic action in acid solutions. It has been shown that these enzymes, 
nevert'lieless, are not in all animals identical with ordinary pepsin. Accord- 
ing to IG^ug and WrobleW'SKi^ the pepsins found in man and various 
higher animals are somewhat different. Enzymes also occur in various 
plants and animal organs; although not identical with pepsin, they act in 
acid reaction and stand to a certain extent between pepsin and trypsin. 

, ^ Zeitschr. 1 exp. Path. u. Therap., 1, 

^ Zeitschr. f. physiol. Chem., 32. 

* Ber. d. d. chem. Gesellsch., 28. 

, , , *5 Klug, Pfliiger^s Arch,, 60; ' Wr6blewski, Zeitschr. f. physiol Chem., 21. 
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To tills group belongs Glaessner^s psevdo'pc'psin^ which according to him 
is the only peptic enzyme in the pyloric end. Pseudopepsin, whose exist™ 
ence is disputed by Klug, while others (Reach, Pekelharing) affirm its 
occurrence in the mucous membrane, acts, according to Glaessner, also 
in neutral and alkaline reaction and yields tryptophane among other cleavage 
products. According to Bergmann ^ it is identical with erepsin (see 
below), xlmong the enzymes of the mucosa of the stomach belongs the 
so-called antipepsin discovered by Weinland,^ which has a retarding 
action upon pepsin digestion and, as some claim, prevents the self -digestion 
of the mucous membrane. 

Pepsin is as difficult to isolate in a pure condition as other enzymes^ 
The pepsin prepared by Brucke and Sundberg gave negative results with 
most reagents for proteins, and showed nevertheless a powerful action,, 
which seems to indicate that it was very pure. Schoumow-Simanowski,, 
Nencki and Sieber, and also Pekelharing have designated as the true 
enzyme the substance containing chlorine, which they obtained by strongly 
cooling the gastric juice. That this substance is not an individual, and 
hence cannot be pepsin, follows from the investigations of Pekelharing. 
While pepsin, according to Nencki and Sieber, was rich in phosphorus 
and contained nucleoproteid, Pekelharing^s pepsin was free from phos- 
phorus and yielded no nucleoproteid. Friedenthal and Mivamota ^ have 
also shown that the pepsin is still active after the splitting off of the nuclein 
complex (and also the protein). As pepsin is readily precipitated with the 
proteins and combines therewith, it is difficult to decide whether pepsin is 
a protein substance or not, and the question as to the nature of pepsin is 
still undecided, just as is the case with other enzymes. As ordinarily 
known, pepsin, at least in an impure form, is soluble in water and glycerine. 
It is precipitated by alcohol, but only slowdy destroyed thereby. In 
aqueous solution its action is quickly destroyed on heating to boiling. 
According to Biernacki ^ pepsin in neutral solutions is destroyed by heat- 
ing to 55^^ C. In the presence of 2 p. m. ITCl a temperature of 55® C. is 
not injurious, and the compound with acid is more resistant than the 
free pepsin (Grober^). Pepsin in acid solution is destroyed by heating 
to 65® C. for five minutes. On adding peptone and certain salts the pepsin 

^ Glaessner, Hofmeister’s Beitrage, Ij Klug, Pfluger's Arch., 92; Reach, Hofmeis- 
ter’s Beitrage, 4; Pekelharing, Arch, des sclenc. biolog., St. Petersbourg, 11; Pawlow- 
Festband, 1904; Bergrnann, Skand. Arch. f. Physiol, ik 

^ Zeitsclir. f. Biologic, 44. 

® Briicke, Wien. Sitzungsber., 43; Sundberg, Zeitschr. f. physiol. Ohem., 9; Sciiou* 
mow-Simanowski, Arch. f. exp. Path. u. Pharm,, S3; Pekelharing, Zeitschr. f. physiol, 
Chem., 22 and 35; Nencki and Sieber, 32; Friedenthal and Miyamota, CentralbL 

^ Zeitschr. f. Bioiogie, 28. 

5 Arch. f. exp. Path. ii. Pharm.,’ 51.; . , 


356 


DIGESTION. 


may be heated, to 70® C. without decomposing. ■ In the dry state it can., on 
the contrary, be heated to over 100® C. without losing its physiological 
action. The only. property which is characteristic of pepsin is that it, dis- 
solves protein bodies in acid but not in neutral or alkaline solutions, with 
the formation of proteoses, peptones, and other products. 

The methods for the preparation of relatively pure pepsin depend/ as a 
rule, upon its property of being thrown down whh finely divided precipi- 
tates of other bodies, such as calcium phosphate or cholesteriii. The 
rather complicated methods of Brucke and Sundberg are based upon 
this property, Peeelharing makes use of a prolonged dialysis and pre- 
cipitation with 0.2 p.,m.'HCL 

Very permanent pepsin solutions, from which the enzyme with con- 
siderable protein can be precipitated by alcohol, may be prepared by 
extraction with glycerine. Solutions having a strong action may also be 
prepared by making an infusion of the gastric mucosa of an animal in acid- 
ified water (2-5 p. m, HCl). This is unnecessary, as we can obtain pure 
gastric juice according to Pawlow^s method, and also because very active 
commercial preparations of pepsin can be bought in the market. 

The Action of Pepsin on Proteins- Pepsin is inactive in neutral or 
alkaline reactions, but in acid liquids it dissolves coagulated protein 
bodies. The protein alwa3'"s swells and becomes transparent before it dis- 
solves. Unboiled fibrin swells up in a solution containing 1 p. m. HCl, 
forming a gelatinous mass, and does not dissolve at ordinary temperature 
within a couple of days. Upon the addition of a little pepsin, hovwer, 
this swmllen mass dissolves quickly at ordinary temperatures. Hard- 
boiled-egg albumin, cut in thin pieces with sharp edges, is not perceptibly 
changed by dilute acid (2-4 p. m. HCl) at the temperature of the body in 
the course of several hours. But the simultaneous presence of pepsin 
causes the edges to become clear and transparent, blunt and swollen, and 
the protein gradually dissolves. 

From what has been said above in regard to pepsin, it follows that 
proteins may be employed as a means of detecting pepsin in liquids. Ox- 
fibrin may be employed as w^ell as coagulated egg-aibumin, which latter is 
used in the form of slices with sharp edges. As the fibrin is easily digested 
at the normal temperature, while the pepsin test with egg-albumin requires 
the temperature of the body, and as the test with fibrin is somewhat more 
delicate, it is often preferred to that with egg-albumin. When we speak of 
the pepsin test'' without further explanation, we ordinaril}^^ understand 
it as the test with fibrin. 

This test, nevertheless, requires care. . The fibrin used should be ox- 
fibrin and not pig-fibrin, which last is dissolved too readily with dilute acid 
alone. The unboiled ox-fibrin may be dissolved by acid alone without 
pepsin, but this generally requires more time. In testing with unboiled 
fibrin at normal temperature, it is advisable to make a control test with 
another portion of the same fibrin with acid alone. Since at the tempera- 
ture of the body unboiled fibrin is more easily dissolved by acid alone, it is 
best always to work with boiled fibrin.' 
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As pepsin has not thus far been prepared in a positively pure condition ^ 
it is impossible to determine the absolute quantity of pepsin in a liquid. It 
is only possible to compare the I'elative amounts of pepsin in two or more 
liquids; which may be done in several ways. 


The older method, that of Brucke, consists in diluting the two pepsin solu- 
tions to be compared with certain proportions of 1 p. m. hydrochloric acid, so 
that when the amount of pepsin contained in the original solution is equal to 1, 
each solution contains a degree of dilution, p, corresponding to 1, -J-, -J, -A, etc. 

A flock of fibrin or a piece of hard-boiled egg is added to each test and the time 
noted when each test begins to digest and when it ends. The relative amount 
of pepsin is calculated from the rapidity of digestion as follows: the tests p = 
i? t\t, <^f series is digested in the same time as tests p = l, I of the other 

series; hence the first solution contained four times as much pepsin. This method 
is not used as often as the following: 

Mett’s Method. Draw up white of egg in a glass tube 1-2 millimetres in diam- 
eter, coagulate it by plunging it into hot water at 95° C., and cut the ends off 
sharply; then add two tubes to each test-tube with a few cubic centimetres of the 
acid pepsin solution; allow them to digest at body temperatm’e, and after a certain 
time, generally after ten hours, measure the lineal extent of the digested layer 
of albumin in the various tests, bearing in mind that the digested layer at each 
end must not be longer than 6-7 millimetres. The quantity of pepsin in the 
comparative tests is as the square of the millimetres of the albumin-column dis- 
solved in the same time. Thus if in one case 2 millimetres of albumin were dis- 


solved and in the other 3 millimetres, then the quantity of pepsin is as 4:9. If 
the fluid removed from the stomach, which is rich in bodies having a disturbing 
influence upon pepsin digestion, is to be tested, then the liquid must be first prop- 
erly diluted with 2-4 p. m. hydrochloric acid (Nierenstein and Schiff 0* 


Objections have been raised against these methods from several sides, es- 
pecially by Grutzner, but they can be recommended for practical purposes as 
being simple and rather accurate. Huppert and E. Schutz measure the relative 
quantities of pepsin from the amount of secondary proteoses formed under certain 
conditions. The proteoses were determined by the polariscope. J. Schutz 
determines the total proteose-nitrogen, and Spriggs finds that the change in the 
viscosity is a measui'e of the amount of pepsin. 

VoLHARD and Lohlein ^ use an acid casein solution for the pepsin determina- 
tion, and determine, after precipitation with sodium sulphate, the acidity of the 
filtrate of the digested test as well as of the original control solution. The casein is 
precipitated as an acid compound by the sulphate, and the filtrate separated from 
the precipitate contains less acid than the original solution. In proportion as the 
digestion progresses less substance is precipitated by the sulphate, and the acidity 
of the filtrate becomes correspondingly higher. The increase in acidity in the 
different portions varies within certain limits as the square root of the quantity 
of ferment. 

Grutzner^s^ test is based on the use of finely cut fibrin colored with carmine. 
The fibrin is first allowed to swell up in 1 p. m. hydrochloric acid and then about 
equal cpiantities are placed in test-tubes of the same diameter and treated with 
15 c.c. of 1 p. m. hydrocliloric acid. After the addition of the pepsin solution to 


Sli 


^ Mett, see Pawlow, 1. c., 31; Nierenstein and Schiff, Berl. Idin. Woclienschr., 40. 

2 Huppert and Schutz, Pfiuger’'s Arch., SO; J. Schutz, Zeitschr. f. physiol. Chem., 

3 Hofmeister’s Beitrage, 7. ’ , - 

^ Grutzner, Pfliiger^s Arch., 8 and 106. ; See also A. Korn, Uber Methoden Pepsin 
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be tested the fibrin dissolves, giving a red color to the solution, and the strength 
of the digestion is determined by the depth of the color. For comparison a series 
of tubes are used containing carmine solution diluted in known proportions, and 
%vhich are arranged so that, for example, when one pepsin solution had a color 
corresponding to No. 1, and the other, on the contrary, to No. 4, then the latter 
had four times as much fibrin dissolved as the first. 

The rapidity of the pepsin digestion depends on several circumstances. 
Thus drffereni acids are unequal in their action; hydrochloric acid shows 
in slight concentration, 0.8-1.8 p. m., a more powerful action than any other 
acid, whether inorganic or organic. In greater concentration other acids 
may have a powerful action; but no constant relationship has been found 
between the strength of various acids and their action in pepsin digestion, 
and the statements in regard to the action of different acids are somewhat 
contradictory.^ Sulphuric acid, it seems, has a weaker action than the 
other inorganic acids. The degree of acidity is also of the greatest impor- 
tance. With hydrochloric acid the degree of acidity is not the same for 
different protein bodies. For fibrin it is 0.8-1 p. m., for myosin, casein, and 
vegetable proteins about 1 p. m., for coagulated egg-albumin, on the con- 
trary, about 2.5 p. m. The rapidity of the digestion increases, at least to a 
certain point, with the qmyitity of pepsin present, unless the pepsin added 
is contaminated by a large quantity of the products of digestion, which 
may prevent its action. 

According to E. ScHtjTZ,^ whose statements’ have been confirmed by 
several others, the digestion products produced in a certain time are, within 
certain limits, proportional to the square root of the relative amounts 
of pepsin (the Schutz-Borissow rule). The accumulation of products 
of digestion has a retarding action on digestion, although, according to 
Chittenden and Amerman,^ the removal of the digestion products by means 
of dialysis does not essentially change the relationship between the proteoses 
and true peptones. Pepsin acts more slowly at low temperatures than 
it does at higher ones. It is even active in the neighborhood of 0° C., but 
digestion takes place very slowly at this temperature. With increasing 
temperature the rapidity of digestion also increases until about 40*^0., 
when the maximum is reached. According to the investigations of Flaum 
it is probable that the relationship between proteoses and peptones remains 
the same, irrespective of whether the digestion takes place at a low or high 
temperature, as long as the digestion is continued for a long enough time. 


See Wr6blewski, Zeitschr. f. physiol. Ghem., 21,, and especially Pfieiderer, Pfiiiger^s 
Arch., 66, which also gives references to other works; Larin, Biochem. CentraibL, 
1, 484; and A. Pick, Wien. Sitzimgsber., M. N. Klasse, 112. 

* Zeitschr. f. physiol. Chem., 6. 

^ Jonrn. of Physiol., 14. 

‘ Zeitschr, f. Biologic, 28. ’ 
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If the swelling up of the 'protein is prevented, as by the addition of neutral 
salts, such as NaCl, in sufficient amounts, or by the addition of bile to the 
acid liquid, digestion can be prevented to a greater or less extent. Foreign 
bodies of different kinds produce different actions, in which naturally the 
variable quantities in which they are added are of the greatest importance- 
Salicylic acid and carbolic acid, and especially sulphates (Ppleibeeer), 
retard digestion, while arsenious acid promotes it (Chittenden), and hydro- 
cyanic acid is relatively indifferent. By experiments with salt solutions so 
strongly diluted that the action, on account of the strong dissociation, was 
brought about by ions and not by the electrolytically neutral molecules 
(min. max. | normal salt solutions), J. Schutz^ found that the 

anions had a much greater retarding action upon pepsin digestion than 
the cations. Of these latter the sodium cation had the strongest retarding 
action. Alcohol in large quantities (10 per cent and above) disturbs the 
digestion; while small quantities act indifferently. Metallic salts in very 
small quantities may indeed sometimes accelerate digestion, but otherwise 
they tend to retard it. The action of metallic salts in different cases can 
be explained in various ways, but they often seem to form with proteins 
insoluble or difficultly soluble combinations. The alkaloids may also 
retard the pepsin digestion (Chittenden and Allbn ^). A very large 
number of observations have been made in regard to the action of foreign 
substances on artificial pepsin digestion, but as these observations have 
not given any direct result in regard to the action of these same substances 
on natural digestion, as well as upon secretion and absorption, we will not 
discuss them here. 

The Products of the Digestion of Proteins by Means of Pepsin and Acid, 
In the digestion of nucleoproteids or nucleoalbumins an insoluble residue 
of nuclein or pseudonuclein always remains, although under certain cir- 
cumstances a complete solution may occur. Fibrin also yields an insoluble 
residue, which consists, at least in great part, of nuclein, derived from the 
form-elements enclosed in the ‘ blood-clot. This residue which remains 
after the digestion of certain proteins w'as called dyspeptone by Meissner. 
This name is therefore not only unnecessary but indeed erroneous, as this 
residue does not consist of bodies related to the peptones. In the digestion 
of proteins, substances similar to acid albuminates, parapeptone (Meiss- 
ner®), aniialhmnatej and antialbumid (Kuhne), may also be formed. 
On separating these bodies the filtered liquid, neutralized at boiling-point, 


“ Studies from the Lab. Physiol. Chem. Yale University, 1, 76. See also Chitten- 
den and Stewart, ihid., 3, 60. , ^ ' 

® The works of Meissner on pepsin digestion -are found in Zeitschr. i rat: 
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contains proteoses and peptones in the old sense, while the so-called Kuhme 
true peptone and the other cleavage products are obtained only after a 
longer and more intense digestion. The relationship between the various 
proteoses changes very much in different cases and in the digestion of the 
various proteins. For instance, a larger quantity of primary proteoses is 
obtained from fibrin than from hard-boiled-egg albumin or from the pro- 
teins of meat; and the different proteins, according to the researches of 
Klug,^ yield on pepsin digestion unequal quantities of the various digestive 
products. In the digestion of unboiled fibrin an intermediate product 
may be obtained in the earlier stages of the digestion — a globulin which 
coagulates at 55° C. (Hasebroek 2). For information in regard to the 
different proteoses and peptones which are formed in pepsin digestion the 
reader is referred to previous pages (50 to 61). 

Actio7i of Pepsin-Hydrochloric Acid on Other Bodies, The gelatine-- 
forming substance of the connective tissue, of the cartilage, and of the bones, 
from which last the acid dissolves only the inorganic substances, is con- 
verted into gelatine by digesting with gastric juice. The gelatine is further 
changed so that it loses its property of gelatinizing and is converted into 
gelatoses and peptone (see page 79). True mucin (from the submaxil- 
lary) is dissolved by the gastric juice, yielding substances similar to pep- 
tone and a reducing substance similar to that obtained by boiling with 
a mineral acid. Mucoids from tendons, cartilage, and bones dissolve, 
according to Posxer and Gies,^ in pepsin-hydrochloric acid, but leave a 
residue which amounts to about 10 per cent of the original material and 
which, as it seems, consists in great part, if hot entirely, of a combination of 
proteid with glucothionic acid (Chapters VII and VIII). The solution 
contains primary and secoridar}^ mucoproteoses and mucopeptones. The 
former contain glucothionic acid, but the latter do not. Elastin is dissolved 
more slowly and yields the above-mentioned substances (page 76). Ker- 
atin and the epidermal formations are insoluble. The nucleins are dissolved 
with difficulty, and the cell nuclei, therefore, remain in great part undis- 
solved in the gastric juice. The animal cell-membrane is, as a rule, more 
easily dissolved the nearer it stands to elastin, and it dissolves with greater 
difficulty the more closely it is related to keratin. The membrane of the 
plant-cell is not dissolved. Oxyhmmoglohin is changed into hsematin and 
protein, the latter undergoing further digestion. It is for this reason that 
blood is changed into a dark-brown mass in the stomach. The gastric 
juice does not act upon fat, but, on the contrary, dissolves the cell-membrane 
of fatty tissue, setting the fat free. Gastric juice has no action on starch 




Zeitschr. 1 physiol. Chem., 11. 
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or the simple varieties of sugar. The statements in regard to the ability 
of gastric juice to invert cane-sugar are very contradictor3^ At least this 
action of the gastric juice is not constant, and if it is present at all it is 
probably due to the action of the acid. 

Pepsin alone, as above stated, has no action on proteins, and an acid of the 
intensity of the gastric juice can only very slower, if at all, dissolve coagulated 
albumin at the temperature of the body. Pepsin and acid together not only act 
more quickly, but qualitatively they act otherwise than the acid alone, at least 
upon dissolved protein. This has led to the assumption of the presence of a 
‘pepsin-kydrochloric acid whose existence and action are only hypothetical. iVs 
pepsin digestioii, it seems, yields finally .^the same products as the hydrolytic 
cleavage with acids, we can say for the present only that this enzyme acts like 
other catalyzers in very powerfully accelerating a process which would proceed 
also without the catalyzers. 

Chymosin (rennin) and Parachymosin. So far two different rennet 
enzymes have been obtained from animal stomachs, namely, the enzyme 
called rennin (chymosin), which is found in the calf^s stomach and has 
been known for a long time, and the parachymosin discovered by Bang ^ 
which is the rennet enzyme of the human stomach. This latter occurs in 
the gastric juice of man under physiological conditions, but may be absent 
under special pathological conditions (Schumburg, Boas, Johnson, Klem- 
perer 2). Chymosin is habitually found in the neutral, watery infusion of 
the fourth stomach of the calf and sheep, especially in an infusion of the 
fundus part. In other mammals and in birds it is seldom found, and in 
fishes hardly ever in the neutral infusion. In these cases, as in man and 
the higher animals, a rennin-forming substance, a rennin zymogen, occurs, 
which is converted into rennin by the action of an acid (Hammarsten). 
We have no knowledge as to whether the rennet enzyme found in different 
animals is chymosin or parachymosin. Enzymes acting like rennin are 
also found in the blood and several organs of higher animals, as well as in 
invertebrates. Similar enzymes also occur widely diffused in the plant 
kingdom, and nufnerous micro-organisms have the power of producing 
rennin enzymes. Also antibodies to the rennet enzymes, antichymodns, 
occur in the animal kingdom, as shown by Hammarsten and Rob^in in 
blood-serum, and may be produced in the animal body by the introduction 
of rennin into the latter (Morgenroth 3). 


^ Deutsch. med. Wochenschr , 1899, and Pfliiger^s Arch., 79* 

^ Schumburg, Virchow^s Arch., 97. A good review of the literature may be foimd 
in Szydlowski, Beitrage zur Kenntnis des Labenzym nach Beobaclitungen an Saug- 
lingen, Jahrb. f. Kinderheilkunde (N. F.), 34. See also Lorcher, Pflliger's Arch., 69, 
wiiich also contains the pertinent literature. An excellent review of the literature on 
rennin and its action may be found in E. Fuld, Ergebnisse der Physiol , 1, Abt. 1, 468. 

^ See Roden, Upsala Lakaref. Forh., 22; Morgenroth, Centraibl. f. Bakter,, 26 
'?ahd';'27'." ’ 
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Remiiri is just as difficult to prepare in a pure state as the other enzymes. 

The purest rennin enzyme thus far obtained did not give the ordinary 
protein reactions. On heating its solution rennin is more or less quickly 
destroyed, depending upon the length of heating and upon the concentra- 
tion. If an active and strong infusion of the gastric mucosa in water 
containing 3 p. rn. HCl is heated to 37-40® C. for 48 hours, the rennin is 
destro 3 ^ed, while the pepsin remains. A pepsin solution free from rennin 
can be obtained in this w^ay. Rennin is characterized by its physiological 
action, which consists in coagulating milk or a casein solution containing 
lime, if neutral or very faintly alkaline. The law of the action of this 
enzyme is different from that of the action of pepsin. As specially shown by 
Fuld, within certain limits, the coagulation time, T, is equal to a con- 
stant, C, divided by the quantity of rennin, L, As shown by Bang,^ 
this law does not apply to parachymosin. 

From the different laws of pepsin and rennin action it follows that the repeated 
appearance recently of the \dew of Pawlow^s school, that pepsin and rennin are 
the same bodies, cannot be correct. The experiments given by Pawi^ow and 
Paeastschuk as proof for this view are unfortunately in error in principle. Also 
the investigations published by Sawjalow are not decisive, and the recent work 
of Schmidt-Nielsen ^ has given new proofs for the non-identity of the two en- 
zymes. According to Nencici and Sieber, with whom Pekelharing agrees, 
the enzyme of the gastric juice forms a gigantic molecule which is able to perform 
the different actions at the same time, although each enz 3 rme action is connected 
with a certain atomic complex. Such a view might appear plausible, especially as 
pepsin and rennin enzyme regularly occur together in the animal kingdom. As 
the body which is precipitated from gastric juice by cooling and which forms 
the ferment has been shown to be a mixture, and also as the two enzymes and 
also the proenzymes have been separated by Glaessner ^ from each other, tills 
view does not seem to be sufficiently well grounded. 

Parachymosin differs from chymosin by being much more resistant 
towards acids, but is more readily destroyed by alkalies. Calcium chloride 
accelerates the casein coagulation with parachymosin very much more 
than with chyunosin. ( 

■ ' v / • '■ 

Rennin, like other enzymes, may be carried down by other precipitates ■ 

and thus may be obtained relatively pure.;- It may also be obtained, con- ; 

taminated with a great deal of proteins, by extracting the mucous coat of ’ 

the stomach with glycerine. 

A comparatively pure solution of rennin may be obtained in the follow- ; 

ing way. An infusion of the mucous coat of the stomach in hydrochloric ^ 

acid is prepared and then neutralized, after which it is repeatedly shaken 
with new quantities of magnesium carbonate until the pepsin is precipi- ^ ! 

^ F\ild, HofmeisteFs Beitriige, 2; Bang, I. c. , * , 

^Pawlow and Parastschiik, Zeitschr. 1, physiol Chem., 42; Sawjalow, ibid,, 46,"^ i 

Schmid’t-Nielsen, tKd., 48. ^ ”, j 

® Gla^sner,, Hotoeisteps BeitrEge, -1; - Nendkd and- Sieber, Zeitschr.,, t physiol 
Chem., 32; Peke1haring,Vfdot-noies, and 3, p. 355.; ‘ ’ ’.f; 
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tated. The filtrate, which should act strongly on milk, is precipitated by 
basic lead acetate, the precipitate decomposed with very dilute sulphuric 
acid, the acid liquid filtered and treated with a solution of stearin soap. 
The renniii is carried down by the fatty acids set free, and when these last 
are placed in water and removed by shaking with ether, the rennin remains 
in the watery solution. 

Plastein. As mentioned on page 56, Danilewsky first showed the 
power of rennin solutions of causing a partial coagulation of proteoses and 
of converting them into so-called plastein. This action, which is also 
ascribed to other enzyme solutions (see page 56), has probably nothing to 
do with the rennin enzyme, but depends more likely upon another enzyme. 
The nature of these enzymes, as w-ell as the manner and importance of the 
plastein formation, is still unknown. 

Gastric Lipase (stomach steapsin). F. Volhakb ^ has made the dis- 
covery that the gastric juice has a strong fat-splitting action only "when 
the fat is in a fine emulsion, as in the yolk of the egg, in milk or in cream. 
This action, which is still not undisputed (Inouye), depends upon an enzyme 
which can be extracted from the mucosa by glycerine, and whose action, 
it seems, follows SchIttz^s law for pepsin, that the quantity is proportional 
to the square of the quantity of enzymotic products. This enzyme, which 
seems to be produced from a zymogen, does not behave in the same way 
when obtained from different animals. The enzyme from the pig stomach 
is very sensitive towards acids but less sensitive towards alkalies. That 
from the dog and from the human stomach is, on the contrary, sensitive 
towards alkalies, while comparatively resistant towards acids (Fromme). 
The enzyme is only slowly extracted from the pig stomach by glycerine, and 
the extract shows its maximal activity only after several days. The filtered 
glycerine extract is inactive (Fromme). Falloise, by experiments on 
rabbits and dogs, has shown that gastric lipase is not derived by regurgita- 
tion from the intestine, nor does it come from the pancreas by means of 
the blood, but it is formed in the stomach. Laqueur, by means of 
experiments with the filtered juice obtained from a small Pawlow stomach, 
has shown that this Juice had a splitting action upon yolk emulsion. Gas- 
tric lipase, according to Laqueur,^ cannot be pancreas steapsin, and is 
also not an intracellular tissue enzyme, but is secreted by the glands. 

The question whether the parietal cells principally or the chief cells, 
or both, take part in the formation' of free .acid is somewhat disputed.^ 

^ Volhard, Miirich. med. Wochenschr., 1900, and 2eitschr. f. kiln. Med., 42, 4S. 
See also Stade, Hofmeister's Beitrage, 3; A, Fromme, 7; A. Zimmer ^ ibid,; H. 
Engel, and Inouye, Arch, i Yerdauungskrank., 9. . ‘ , 

^ Falloise, Arch. int. de Physiol., 3 (1906); Laqueur, Hofmeister^s Beitrage, 8^ i ■' 

^ See Heideiihain, Pfliiger^s Arch., 18 and 19, Hermann's H^hdbuch, 5, part I, 
^*Absonderungsvorgange"; Klemensiewiess, Wien. Sibmgsb6r,pj71j’' Frl^nkeb Mug^ 
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There can be no doubt that the hydrochloric acid of the gastric juice 
originates from the chlorides of the blood, because, as is well known, a 
secretion of perfectly typical gastric juice takes place in the stomachs of 
fasting or starving animals. As the chlorides of the blood are derived 
from the food, it is easily understood, as sho\\ii by Cahn,^ that hi dogs 
after a suf&ciently long common-salt starvation the stomach secreted a 
gastric juice containing pepsin, but no free hydrochloric acid. On the 
administration of soluble chlorides, a gastric juice containing hydrochloric 
acid was immediately secreted. On the introduction of alkali iodides or 
bromides, Kulz, Nencki and Schoumow-Simaxowski ^ have shown that 
the hydrochloric acid of the gastric juice is replaced by HBr, and to a 
less extent by HI. According to Koeppe the seat of formation of hydro- 
chloric acid is not the blood nor the glands, but the interior of the stomach 
in the immediate neighborhood of the wall. The hydrochloric acid is 
assumed to be produced from the chlorides of the food, as the semiper- 
meable wail is not permeable for the Ci ions but is for the Na ions and for 
the H ions. As the Na ions leave the stomach contents an equivalent 
quantity of H ions wander from the blood through the stomach wall into 
the interior of the stomach and combine with the Cl ions. This theory is 
difficult to reconcile with the fact that in dogs with apparent feeding the 
empty stomach secretes abundant juice. Other objections have also been 
raised against this by Beneath and Sachs. The secretion of free hydro- 
chloric acid from the alkaline blood has been explained in other ways 
(Maly, Bunge, L. Schw'arz), but as yet no satisfactory theory has been 
suggested,^ 

After a full meal, when the store of pepsin in the stomach is completely 
exhausted, Schiff claims that certain bodies, especially dextrin, have 
the property of causing a supply of pepsin in the mucous membrane. This 
''charge theory,^' though experimentally tested by several investigators^ 
has nevertheless not yet been confirmed. On the contrary, the state- 
ment of Schiff that a substance forming pepsin, a pepsinogen or "pro- 
pepsin,’* occurs in the ventricle has been proved, Langley-^ has shown 
positively the existence of such a substance in the mucous coat. This 


Arch., 48 and 50; Contejean, 1. c., Chapter II; Kranenburg, Archives Teyler, Series 
II, Haarlem, 1901, and Mosse, Centralbl. f. Physiol., 17, 217, 

^ Zeitschr. f. physiol. Chem,, 10. 

^ Kulz, Zeitschr. 1 Biologic, 23; Nencki and Schonmow, Arch, des sciences biolv 

® Koeppe, P^iilger^s Arch., 62; Benrath and Sachs, zbid.j 109; Maly, see v. Bunge's 
Lehrbuch der physiol u. pathoL Chem., 4. Aufi., ,1898; Schwarz, Hofmeister's Bek 

* Schiff, Legons sur la physiol. ,de ia digestion, 1867, 2; .Langley and Edkins, 
Journ. of Physiol., 7.S 


pyloric; ::;secretion-. 


:365 


substance^, propepsin, '.shows a .comparatively strong resistance to ^dilute 
alkalies,, (a'soda solution of 5 p. m.); which easily destroy pepsin (Langley).. 
Pepsin, on the other hand, withstands better than propepsiii the, action of. 
carbon dioxide, which' quickly destroys the latter. The occurrence of, a 
remiin zymogen, and possibl}^ also of a steapsinogen, in .the mucous , coat 
.has been mentioned above. . 

According to IIeezen and his collaborators ^ we must differentiate between 
pepsinogens and bodies accelerating the flow of Juice. To the first belong inuliii 
and glycogen, while alcohol belongs to the latter class of bodies. Dextrin not 
only accelerates the flow of juice, but also acts as a pepsinogen, especially as the 
latter. Meat extract which has both actions is especially a flow-accelerator. 
The pepsinogen action consists in converting the zymogen into pepsin and in 
this way increases the quantity of pepsin ; the fiow-accelerating substances in- 
crease the quantity of secreted juice. 

The question in what cells the two z 3 aBogens, especially the propepsin, 
are produced has been extensively discussed for several years. Formerly it 
vras the general opinion that the parietal cells were pepsin cells, but since 
the investigations of Hbidenhain and his pupils, Langley and others, the 
formation of pepsin has been attributed to the chief cells.^ 

The Pyloric Secretion. That part of the pyloric end of the dog^s 
stomach which contains no fundus glands was dissected by KTbmbnsie- 
wicz, one end being sewed together in the shape of a blind sac and the 
other sewed into the stomach. From the fistula thus created he was able 
to obtain the pyloric secretion of a living animal. This secretion is alka- 
line, viscous, jelly-like, rich in mucin, of a specific gravity of 1.009-1.010, 
and containing 16.5-20.5 p. m. solids. It habitually contains pepsin, 
which has been proved by Heidenhain by observations on a permanent 
pyloric fistula, and the amount may sometimes be considerable. Conte- 
jEAN has investigated the pyloric secretion in other ways, and finds that 
it contains both acid and pepsin. The alkaline reaction of the secretions 
investigated by Heidenhain and Klemensievucz is due, according to 
Conte JEAN, to an abnormal secretion caused by the operation, because 
the stomach readily yields an alkaline Juice instead of an acid one under 
abnormal conditions. The statements of' Heidenhain and Klemensie- 
wicz have been substantiated by Akebmann, wdiile Kresteff, who 
operated according to another method, and Schemiakine^ have come 
to the same results. Keestepp found in the juice (of dogs) pepsin, but no 
cliymosin. Verhaegen^ has observed in human beings tow^ards the end 


3 Heidenhain and Klemensiewicz, L e.; Contejean, 1. c., Chapter II, and Skand. [ 

Arch, f. Physiol., 6; Akermann, ibid,, 5; ICresteff, Malyhs Jahresber., 80; Schemia- ! 

kine, Arch, des scienc* biolog. de St; P^tersboxirg, 10, ■ -'y., V; 
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of the ventricle digestion a non-fluid acid, which, according to him, originates 
in ' the ''pyloric; region, . 

The secretion of gastric juice under different conditions may vary con- 
siderably. The statements concerning the quantity of gastric juice secreted 
in a certain time are therefore so unreliable that they need not be taken 
into account. 

The Chyme and the Digestion in the Stomach. By means of the chem- 
ical stimulation caused by the food, a copious secretion of gastric juice 
occurs, which gradually mixes with the swallowed food, and digests it 
more or less strongly. The material in the stomach during digestion 
which has a pasty or thick consistency and is called chyme, is not a 
homogeneous mixture of the ingesta with the various digestive fluids, 
gastric juice, saliva, and gastric mucus, but the conditions seem to 'be 
more complicated. 

From the investigations of several workers, such as Hopmeister and 
ScHUTz, Moritz, Cannon, Schemiakine,^ and others, on the movements 
of the stomach, we conclude that this organ consists pf two physiologically 
different parts, the pylorus and the fundus. The greater fundus part, 
which serves essentially as a reservoir, may by a rhythmic, strong con- 
traction of the muscle, acting like a sphincter between it and the pylorus 
part, be separated from the latter, and according to some observers so 
completely so that during contraction almost nothing passes from the 
fundus to the pylorus part. Differing from the fundus part, the pylorus 
is the seat of very powerful contractions by which its contents are intimately 
mixed with gastric juice and are also driven through the pyloric valve into 
the intestine. 

The contents of the pylorus part have an acid reaction, and a strong 
pepsin digestion takes place in the contents, which are thoroughly mixed 
with gastric juice. By very instructive investigations on different animals 
(frogs, rats, rabbits, guinea-pigs, and dogs) Grutzner^ has shown, when 
the animals are fed with food having different colors, and the stomach 
removed after a certain time, and the contents frozen, that the frozen 
sections show a regular stratification of the contents. These layers are 
so arranged that the food first taken is found in direct contact with the 
mucosa, while the food taken later is inclosed by that partaken of first, 
and this prevents contact with the walls of the stomach. The empty 
stomach, whose walls touch each other, is so filled that, as a rule, the 
foodstuffs taken later are in the middle of the older food. 

Because of this fact only the foodstuffs which lie close to the surface of 


'Hofmeister and Schiitz, Arch, f; exp. Path. u. Pharm., 20; Moritz, Zeitschr. i 
Biologic, S2; Cannon, Amer. Journ. of Physiol., 1; Schemiakine, L c. 

* Pfliigeris Arch., 100. 
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the mucous membrane undergo the process of peptic digestion, and it is 
principally this ingesta, which lies on the surface and is laden with pepsin and 
mixed with gastric juice, which is shoved to the pylorus end, here mixed 
and digested, and finally moved into the intestine. The fundus part is 
therefore less a digestion-organ than a storage-organ, and in the interior 
of the same the food may remain for hours without coming in contact 
with a trace of gastric juice. 

What has been said above applies at least to solid food. We have no 
extensive observations on the behavior of fluids or semifluid food. Accord- 
ing to Grutzner, also in these cases, as well as in the above-mentioned 
experiments, the swallowed foodstuffs are not irregularly mixed together. 
Fluids quickly leave the stomach, which is also the case with a mixture of 
solid and fluid food. 

The fact that only that part of the ingesta lying on the mucous mem- 
brane is mixed with gastric juice, while the mass in the interior is not acid 
in reaction, is of special importance for the digestion of starches in the 
stomach. By this we can explain why the salivary diastase, although' 
sensitive towards acids, can continue its action for a long time in the con- 
tents of the stomach. Cannon and Day^ have shown that this is true 
by special experiments upon animals, and the occurrence of sugar and 
dextrin in the contents of the human stomach has been repeatedly observedl 
In carnivora, whose saliva shows nearly no diastatic action, it is a priori 
not expected that there should be a diastatic action in the stomach — of 
course excluding the action of micro-organisms which may be present. 
Still, according to Friedenthal, dogs can readily digest starch, and the 
gastric juice of dogs, according to him, contains a diastatic enzyme which 
is active even in strong acid reaction.^ 

The gastric contents which have been prepared in the pylorus part are 
passed through the pylorus into the intestine intermittently. This mate- 
rial is generally fluid, but it is possible that pieces of solid food may also 
occur, and this has been often observed. From Busches observations on a 
human intestinal fistula, it required generally 15-30 minutes after eating 
for undigested food to pass into the upper part of the small intestine. In 
a case of duodenal fistula in a human being observed by Kuhnb, he saw, 
ten minutes after eating, uncurdled but still coagulable milk and small 
pieces of meat pass out of the fistula. The time in which the stomach 
unburdens itself of its contents depends naturally upon the coarseness or 
fineness of the food; essentially, however, it depends upon the reflex action 


* Cannon and Day, Amer. Journ. of Physiol., 0; Friedenthal, Arch. 1 (Anat^ u.) 

Physiol., 1899, SnppL . - . 

* See Scheunert and Grimmer, Zeitschr. f. physiol. Oliena., 48, on the pccurrehee of . 
diastatic enzymes in plant foodstuffs. 
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from tlie' stomach or intestine eausing' an opening or closing of the pylorus.' 
which action is dependent upon the quantity and character of the food, 
the amount of fat, and the degree of acidity in the contents of the 
stomach and intestine. The emptying of the food into the small 
intestine causes, as shown by Pawlow, a closing of the pylorus by chemo- 
reflex in which the hydrochloric acid and the fat take part, and we thus 
find in this regard an alternate action between the stomach and duodenum. 
The time necessary for the stomach to empty itself must differ considerably 
under various conditions. Beaumont^ found in his extensive observations 
on the Canadian hunter St. Martin that the stomach, as a rule, is emptied 
1|-5| hours after a meal, depending upon the character of the food. 

The time in which different foods leave the stomach depends also upon 
their digestibility. In regard to the unequal digestibility in the stomach 
of foods rich in proteins, which really form the object of the action of the 
gastric juice, a distinction must be made between the rapidity with which 
the proteins are converted into proteoses and peptones and the rapidity 
with which the food is converted into chyme, or at least so prepared that 
it may easily pass into the intestine. This distinction is especially im- 
portant from a practical standpoint. When a proper food is to be decided 
upon in cases of diminished gastric digestion, it is important to select such 
foods as leave the stomach easily and quickly, independently of the diffi- 
culty or ease with which their protein is peptonized, and which require as 
little action as possible on the part of this organ. From this point of view 
those foods, as a rule, are most digestible which are fluid from the start or 
may be easily liquefied in the stomach; but these foods are not always 
the most digestible in the sense that their protein is most easily pej^tonized. 
As an example, hard-boiled white of egg is more easily peptonized than 
fluid white of egg at a degree of acidity of 1-2 p. m. HCl;^ nevertheless 
we consider, and justly, that an unboiled or soft-boiled egg is easier to 
digest than a hard-boiled one. Likewise uncooked meat, wflien it is not 
chopped very fine, is not more quickly but more slowly peptonized by the 
gastric juice than the cooked, but if it is divided sufficiently fine it is often 
more quickly peptonized than the cooked. 

The greater or less facility with which the different protein foods are 
digested in the stomach has been comparatively little studied. The most 
complete investigations on this subject are those of Fermi,^^ but as they 
do not allow of a short discussion we must refer to the original publication. 


^ Busch, Virchow’s Arch., 14; Kiihne, Lehrb. d. physiol. Chem., 53; (Pawlow and) 
Serdjukow, Maly’s Jahresben, 29; Lintwarew, Biochem. Centralbl., 1, 96. See also 
Bichat, L c. ; Beaumont, The Physiology of Digestion, 1833. 

® Wawrinsky, Maly’s Jahresber., 3. 

3 Arch. f. (Anat. u.) Physiol., 1901, Suppl. , 
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The rapidity with which different foods leave the stomach has been 
studied by Cannon ^ in the case of cats. After preliminary hunger the animals 
received different food, such as meat, fat, and carbohydrate mixed with 
bismuth subnitrate, and then with the aid of the Rontgen rays the time 
was noted when the food passed into the intestine. The carbohydrate leaves 
the stomach first, the proteins next, and the fats last. If the carbohy- 
drate is given before the protein food, then it leaves the stomach with 
ordinary rapidity; while if protein food and then carbohydrate is given 
the passage of the carbohydrate is retarded. A mixture of protein food and 
caibohydrates leaves the stomach more slowly than carbohydrates alone, but 
faster than protein food alone. The fat, "which remains in the stomach 
for a long time and leaves the stomach only in amounts which are absorbed 
or removed from the duodenum, retards the passage of the protein foods 
as well as the carbohydrates. 

As our knowdedge of the digestibility of the different foods in the 
stomach is slight and dubious, so also our knowledge of the action of other 
bodies, such as alcoholic drinks, bitter principles, spices, etc., on the nat- 
ural digestion is very uncertain and imperfect. The difficulties which 
stand in the way of this kind of investigation are very great, and there- 
fore the results obtained thus far are often ambiguous or conflict with 
each other. For example, certain investigators have observed that small 
quantities of alcohol or alcoholic drinks do not prevent but rather facili- 
tate digestion; others observe only a disturbing action, while other investi- 
gators report having found that the alcohol first acts somewhat as a 
disturbing agent, but afteiwards, when it is absorbed, produces an abund- 
ant secretion of gastric juice, and thereby facilitates digestion (Gluzinski, 
Chittenden 2). The accelerating action of alcohol upon the flow of gastric 
juice has already been mentioned on page 352. 

The digestion of sundry foods is not dependent on one organ alone, but 
is divided among several. For this reason it is to be expected that the 
various digestive organs can act for one another to a certain point, and 
that therefore the work of the stomach could be taken up more or less 
by the intestine. This in fact is the case. Thus the stomachs of dogs 
and cats have been completel}^ extirpated or nearly so (Czerny, Garyallo 
and Pachon), and also that part necessary in the digestive process has 
been eliminated by plugging the pyloric opening (Ludwig and Ogata), 
and in both eases it was possible to keep the animal alive, -well fed, and 
strong for a shorter or longer time. This is also true for human beings.s 

^ Amer. Joum. of Physiol., 12. ' ' ' • ' 

^ Gluzinski, Deutseh. Arch. f. klin. Med., 39; Chittenden, Centralbl f. d. med. Wis- 
sensch., 1889; Chittenden and Mendel and others, Amer. Journ. of Physiol., 1. 

® Czerny, cited from Bunge, Lehrbuch d. physiol. ii. path. Chem-_4. Aufl,, Theil 2, 

, 173; Carvailo and Pachon, Arch. d. Physiol, (5), 7 ;: Ogata, ;Archy>f.' (Anat. u.), 
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In these cases it is evident that the digestive work of the stomach was 
taken up by the intestine; but all food cannot be digested in these eases 
to the same extent, and the connective tissue of meat especially is some- 
times found to a considerable extent undigested in the excrements. 

In order to judge of the r61e of the stomach in digestion the amount of 
the digestion products in the stomach has been determined. These deter- 
minations, partly on man and partly on animals, have led, as is to be 
expected, to var^dng results (Cahn, Ellenbergee and Hobwieister, 
Chittenden and Amerman). The recent investigations of E. Zunz show 
that boiled meat in the stomach of a dog yields chiefly proteoses with small 
amounts of simpler cleavage products, and only very little acid albumin is 
formed. The quantity of proteose nitrogen was 90 per cent of the nitrogen 
of the non-coagulable substances. Tobler, who has studied in dogs with 
duodenal fistula, the digestion in the stomach under conditions which 
were as nearly physiologically normal as possible has arrived at different 
results. After feeding finely chopped meat freed from extractives by water, 
he found that about 20 to 30 per cent of the total nitrogen was absorbed in 
the stomach, while about 20 per cent left the stomach in an insoluble form 
and 50 to 65 per cent in solution. The chief mass of the dissolved protein 
(about 80 per cent) consisted of peptones, the remainder of proteoses. 
London and Sulima^- have arrived at different results. They experi- 
mented upon dogs, making various fistulse, such as gastric, pyloric, and 
duodenal fistulas, and used as food partly hard-boiled egg, which was given 
to the dogs in quantities of 200 grams and in as large pieces as possible, and 
partly raw white of egg. In both cases, contrary to the experience of 
Tobler, the proteins were not absorbed in the stomach. They also found 
in the dog with pyloric fistula that after feeding 200 grams boiled protein 
the chief portion of the digestion products (about 87 per cent) left the 
stomach within the first two hours of digestion. Of the cleavage prod- 
ucts the contents of the stomach contained chiefly proteoses, while in 
the material which left the stomach in the dog with pyloric fistula, the 
peptones prevailed. The proteoses seem to be retained for a longer time in 
the stomach, making a further transformation into peptones possible. 

As is to be expected, the behavior is not always the same, and important 
variations often occur. It is, however, quite generally assumed that no 
peptonization of the proteins worth mentioning occurs in the stomach, 

Physiol., 1883; Groh6, Arch. f. exp. Path. u. Piiarm., 49, In regard to a human 
case of Schlatter see Wrdblewski, Centralbl. f. Physiol., 11, 665. 

^ Cahn, Zeitschr. f. klin. Med., 12; Ellenberger and Hofmeister, Arch. f. (Anat. u.) 
PhyisoL, 1890; Chittenden and Amerman, Journ. of Physiol, 14; E. Zunz, Hofmeister^s 
Beitrage, S. See Reach, 4. See also Zunz, Anna!, de la soc. roy. d. scienc. m6d. 
et natur. de Bruxelles, 12 and IS; Tobler, Zeitsehr. f. physiol Chem., 45; London 
and Bulima, 46, 
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and that the protein foods are only prepared in the stomach for the real 
digestive processes in the intestine. That the stomach, at least the fundus 
part, serves in the first place as a storeroom follows from its shape, and 
this fimction is of special value in certain new-born animals, for instance 
in dogs and cats. In these animals the secretion of the stomach contains 
only hydrochloric acid but no pepsin, and the casein of the milk is converted 
b}’ the acid alone into solid lumps or a solid coagulum which fills the stomach. 
Small portions of this coagulum pass into the intestine only little by little, 
and an overburdening of the intestine is thus prevented. In other animals, 
such as the snake and certain fishes which swallow their food entire, it is 
certain that the major part of the process of digestion takes place in the* 
stomach. The importance of the stomach in digestion cannot at once be 
decided. It varies for different animals, and it may vary in the same 
animal, depending upon the division of the food, the rapidity with which 
the peptonization takes place, the more or less rapid increase in the amount 
of hydrochloric acid, and so on. 

It is a well-known fact that the contents of the stomach ma}^ be kept 
without decomposing for some time by means of hydrochloric acid, while, 
on the contrary, when the acid is neutralized a fermentation commences 
by which lactic acid and other organic acids are formed. According to 
Cohn an amount of hydrochloric acid more than 0.7 p. m. completely 
arrests lactic-acid fermentation, even under otherwise favorable circum- 
stances, and according to Steauss and Bialocouk the limit of lactic-acid 
feimentation lies at 1.2 p. m. hydrochloric acid united to organic bodies. 
The hydrochloric acid of the gastric juice has unquestionably an aiitifer- 
mentative action, and also, like all dilute mineral acids, an antiseptic action. 
This action is of importance, as many pathogenic micro-organisms may be 
destroyed by the gastric juice. The common bacillus of cholera, certain 
streptococci, etc., are killed by the gastric juice, while others, especially 
as spores, are unacted upon. The fact that gastric juice can diminish or 
retard the action of certain toxalbumins, such as tetanotoxine and diph- 
theria toxine, is also of great interest (Nencki, Sieber, and Schotjmowa ^). 

Because of this antifermentative and antitoxic action of gastric juice it 
is considered that the chief importance of the gastric juice lies in its anti- 
septic action. The fact that intestinal putrefaction is not increased on the 
extirpation of the stomach, as derived from, experiments made on man and 
animals,^ does not uphold this view, 

^ Colin, 2eitschr. f. physiol. Ghem., 14; Strauss and Bialocour, Zeitschr, f. klin. 
Med,; 28. See also Kiihne, Lehrb., 57; Bunge,, Lehrb. d. Physiol., 4. Aufl., 148 and 
159; Hirsclifeid, Pfiiiger’s Arch., 47;. Nencki, Sieber, and Schoumowa, Centralbl. f. 
Baeteriol, etc., 2S. In regard to the action of gastric juice upon pathogenic microbes 
we must refer the reader to handbooks of bacteriology. . ' . . . ■ 

,, 2 See Carvallo and Pachon, L c., and Schlatter in Wrdblewski, i c. ■ , , ,/ : 
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Since tile hydiwUoric the gastric juice prevents the conteDts 

of the stomach from fermenting with the generation of gas, those grases which 
occur in the stomach probably depend; at least in great measure, upon the 
swallowed air and saliva, and upon those gases generated in the intestine 
and returned through the pyloric valve. Planer found in the stomach- 
gases of a dog 66--68 per cent N, 23-33 per cent CO 2 , and only a small 
quantity, O.S-b.T per cent, of oxygen. Schierbeck ^ has shown that a 
part of the carbon dioxide is formed by the mucous membrane of the 
stomach. The tension of the carbon dioxide in the. stomach corresponds, 
according to him, to 30-40 mm. Hg in the fasting condition. It increases 
after partaking food, independently of the kind of food, and may rise to 
130-140 mm. Hg during digestion. The curve of the carbon-dioxide 
tensioii in the stomach is the same as the curve of acidity in the different 
phases of digestion, and Schierbeck has also found that the carbon-dioxide 
tension is considerabl}^ increased by pilocarpine, but diminished by nico- 
tine. According to him, the carbon dioxide of the stomach is a product 
of the activity of the secretory cells. 

After death, if the stomach still contains food, autodigestion goes on 
not only in the stomach, but also in the neighboring organs, during the 
slow cooling of the body. This leads to the question, YVhy does the stomach 
not digest itself during life? Ever since Pavy has shown that after tying 
the smaller blood-vessels of the stomach of dogs the corresponding part of 
the mucous membrane was digested, efforts have been made to find the 
cause in the neutralization of the acid of the gastric juice by the alkali of 
the blood. That the reason for the non-digestion during life is to be sought 
for in the normal circulation of the blood cannot be contradicted; but the 
reason is not to be found in the neutralization of the acid. The investi- 
gations of FeRxWI and Otte^ show that the blood circulation acts in an 
indirect manner by the normal nourishment of the cell protoplasm, and this 
is the reason why the digestive fluids, the gastric juice as well as the pan- 
creatic juice, act differently upon the living protoplasm as compared with the 
dead. We know nothing about this resistance of the living protoplasm. 
Some claim that it is connected closely with the secretion of the antipepsin 
discovered by Danilewsky, Hansel, and Weinland, but this is hard to 
understand. Undoubtedly bodies occur in the gastric mucosa which can 
inhibit the action of pepsin, but whether these bodies are of an enzymotic 
nature or not is undecided. Wexnland's antipepsin is related to the 
enzymes because it is thermolabile^ while the antipepsin of Danilewsky, 

^ Planer, Wien. Sitzungsber., 42; Schierbeck, Skand. Arch. f. Physiol, 3 and 5. 

^Payy, Phil Transactions, 153, part I, and Guy’s Hospital Reports, 13; Otte, 
Travaux du laboratoire de ITnstitut de Physiol, de Lidge, 5, 1896, which also con- 
tains the literature. 
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Hais’SEL; and 0. Schwaez ^ is resistant towards heat and can hardly be 
considered as an enzymotic body. This is true for at least the thermo- 
stabile antipepsin of Schwarz, which does not give the biuiet maction/ 

Without mentioning the still unknown nature of these bodies, the natural ^ J 

gastric juice, as well as an acid infusion of the mucosa, has such a strong 
digestive action that the retarding action of the antipepsin can only be 
shown under special conditions, and it is therefore difficult to conceive 
how the aiitipepsin could have a protective action in life. 

Under pathological conditions, irregularities in the secretion as well as in 
the absorption and in the mechanical work of the stomach may occur. Pepsin 
is almost always present, although the amount may vary considerably, but the 
absence of the reniiin, as above stated, may occur in many cases. In regard 
to the acid, we must remark that the secretion is sometimes increased so that 
an abnormally acid gastric juice is secreted and at other times it may be dimin- 
ished so that little if any hydrochloric acid is formed. A hypersecretion of 
acid gastric juice sometimes occurs. In the secretion of too little hydiuchloric 
acid the same conditions appear as after the neutralization of the acid contents 
of the stomach outside of the organism. Fermentation processes now appear in 
which, besides lactic acid, there occur also volatile fatty acids, such as butyi'ic 
and acetic acids, etc., and gases like hydrogen. These fermentation products are 
therefore often found in the stomach in cases of chronic catarrh of the stomach, 
which may give rise to belching, pyrosis, and other symptoms. 

Among the foreign substances found in the contents of the stomach we have 
UREA, or ammonium carbonate derived therefrom in uraemia; blood, which 
generally forms a dark-brown mass through the presence of hsematin, due to the 
action of the gastric juice; bile, which, especially during vomiting, easily finds 
its way through the pylorus into the stomach, but whose presence seems to be 
without importance. 

If it is desired to test the gastric juice or the contents of the stomach 
for pepsin, fibrin may be emplo 3 ^ed. If this is thoroughly washed immedi- 
ately after beating the blood, well pressed, and placed in gl3^cerine, it may be 
kept in seiwiceabie condition for an indefinitely long time. The gakric 
juice or the contents of the stomach — the latter, if necessary, having been 
previoiisiy diluted with 1 p. m. hydrochloric acid — is filtered and tested 
with fibrin at ordinary temperature. (It must not be forgotten that a 
control test must be made with acid alone and another portion of the same 
fibrin.) If the fibrin is not noticeably digested within one or two hours, 
no pepsin is present, or at most there are onty slight traces. 

In testing for rennin the liquid must be first carefully neutralized. To 
10 c.c. of unboiled, amphoteric (not acid) cow's milk add 1-2 c.c. of the 
filtered neutralized liquid. In the presence of rennin the milk should 
coagulate to a solid mass at the temperature of the body in the course of 
10-12 minutes without changing, its reaction. If the milk is diluted too 
much by the addition of the liquid of the stomach, only coarse flakes are 
obtained and no solid coagulum. Addition of lime-salts is to be avoided, 
as in great excess they may produce a partial coagulation even in the 
absence of typical rennin. . = \ 

In many cases it is especially important to determine the degree of 

^ See Hamel, Bioehem. Centralbl,, Ij p. 404, and 2, p. 326; Weinland, &itschr. i 
Biologic, 44; Schwarz, Hofmeisteris Beitri^ge, 6. , ■■ V' ‘ , 
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acidity of the gastric juice. This may be done by the ordinary titration 
methods. Phenolplithalein must not be used as an indicator, as too high 
results are produced in the presence of large quantities of proteins. Good 
results may be obtained, on the contrary, by using very delicate litmus paper. 
Although the acid reaction of the contents of the stomach may be caused 
simultaneously by several acids, still the degree of acidity is here, as m 
other cases, expressed in only one acid, e.g., HCl. Generally the acidity 
is designated by the number of cubic centimetres of N/10 cmstic soda 
which is required to neutralize the several acids in 100 c.c. of the liquid 
of the stomach. An acidity of 43 per cent means that 100 c.c. of the liquid 
of the stomach required 43 c.c. of N/10 caustic soda to neutralize it. 

It is also important to be able to ascertain the nature of the acid or 
acids occurring in the contents of the stomach. For this purpose, and 
especially for the detection of free hydrochloric acid, a great number of color 
reactions have been proposed which are all based upon the fact that the 
coloring substance gives a characteristic color with very sniall quantities 
of hydrochloric acid, while lactic acid and the other organic acids do not 
give these colorations, or only in a certain concentration, which can hardly 
exist in the contents of -the stomach. These reagents are a mixture of 
FEERic-ACETATE and POTAssiuM-suLPHocYANiDE solution (MoHE^s reagent 
has been modified by several investigators), methylaniline-violet, tro- 
PiEOLiN 00, Congo red, malachite-green, phloroglucin-vanillin, 
DiMETHYLAMiNOAZOBENZENE, and Others. As reagents for free lactic acid 
Uffelmann suggests a strongly diluted, amethyst-blue solution of ferric 
CHLORIDE and carbolic acid or a strongly diluted, nearly colorless solu- 
tion of FERRIC CHLORIDE. These give a yellow color with lactic acid, but 
not with hydrochloric acid or with volatile fatty acids. 

The value of these reagents in testing for free hydrochloric acid or 
lactic acid is still disputed. Among the reagents for free hydrochloric acid 
Gunzburg's test with phloroglucin-vanillin, and the test with trop^3eolin 00, 
performed at a moderate temperature as suggested by Boas, and the test 
with dimethylaminoazolienzene, which is the most delicate, seem to be the 
most valuable. If these tests give positive results, then the presence of 
hydrochloric acid may be considered as proved. A negative result does 
not eliminate the presence of hydrochloric acid, as the delicacy of these 
reactions has a limit, and also the simultaneous presence of protein, pep- 
tones, and other bodies influences the reactions more or less. The reactions 
for lactic acid may also give negative results in the presence of compara- 
tively large quantities of hydrochloric acid in the liquid to be tested. Sugar, 
sulphocyanides, and other bodies may act with these reagents similarly to 
lactic acid. 

In testing for lactic acid it is safest to shake the material with ether and 
test the residue after the evaporation of the solvent. On the evaporation 
of the ether the residue may be tested in several ways. Boas ^ utilizes the 
propert;y possessed by lactic acid of being oxidized into aldehyde and 
formic acid on careful oxidation with sulphuric acid and manganese dioxide. 
The aldehyde is detected by its forming iodoform with an alkaline iodine 
solution or by its forming aldehyde mercury with Nessler^s reagent. 


*3>etitsdbi. med*. Wochenschr., 1893, ^dMjmohener^m^ Wochensohr, 1893. , 
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Tlie quantitative estimation consists in the formation of iodoform with N/ID 
iodine solution and caustic potash, adding an excess of hydrochloric acid and 
titrating with a X/10 sodiurn-arsenite solution, and retitrating with iodine solu- 
tion, after the addition of starch-paste, until a blue coloration is obtained. This 
method presupposes the use of ether entirely free from ijlcohoL 

111 testing for lactic acid Cbonisr and Cronheim ^ recommend a solu- 
tion of iodine in potassium iodide containing aniline. Lactic acid is con- 
verted into iodoform, which with tLe aniline develops the nauseating odor 
of isonitrile. The shaking out of tlie lactic acid with ether is unnecessary, 
but natiunlly alcohol or acetone must not be added. 

In order to be able to judge correctly of the value of the different 
reagents for free hydrochloric acid, it is natural!}^ of greatest-hnportance to 
be clear In regard to what \ve mean by free hydroehioric acid. It is a 
weli-iuiown fact that hydrochloric acid combines witn proteins, and a 
considerable part of the hydi'ochloric acicl may therefore exist m the con- 
tents of the stomach, after a meal rich in proteins, m combination with 
them. Tills hydrochloric acid combined with proteins caimot be con- 
sidered as free, and it is for this reason that certain investigators consider 
such methods as that of Sjoqvist, which will be described below, as of little 
value. Hoivever, it must be remarked that, according to the unanimous 
experience of many investigators, the hydrochloric acid combined with 
proteins is physiologically active. Those reactions (color reactions) which 
respond only to actualb" free h^^drochloric acid do not show the physiolog- 
icalh" active liydrochionc acid. The suggestion of determining the '^phys- 
iologically active hydrochloric acid instead of the "free^^ seems to be 
correct in principle; and as the conceptions of free and of physiologically 
active hydrochloric acid are not the same, it must always be well defined 
wiietlier one wishes to determine the actually free or the physiologically 
active hydrochloric acid before any conclusions are drawn as to the value 
of a certain reaction. 

The acid reaction may be partly due to free acid, partly to acid salts 
(monophosphates), and partly to both. Accordmg to Leo^ one can test 
for acid phosphates by calcium carbonate, which is not neutralized there^ 
with, while the free acids are. If the gastric content has a neutral reaction 
after shaking with calcium carbonate and the carbon dioxide is driven out 
by a current of air, then it contains only free acid; if it has an acid reaction, 
then acid phosphates are present, and if it is less acid than before, it con- 
tains both free acid and acid phosphate. It must not be forgotten that 
a faint acid reaction may, after treatment with calcium carbonate, also 
be due to the protein. Tliis method can likewise be applied in the estima- 
tion of free acid. 

Various titration methods have been suggested for the estimation of 
the free hydrochloric acid, but these cannot yield conclusive results for 
the reasons given in a previous chapter (see estimation of the alkalinity 
of the blood-serum, page 190). For this determination physico-chemical 
methods are necessary, but they have not been used to any great extent 
for clinical purposes on account of the difficulty in their manipulation. 


^ Berlin, klin. Whchenschr.» 1905, p. lOSO. / 

^Centraibl 1. d. med. Wissenscii., 1889, p. 481; Pfluger's Arch,, 48, and Berlin. 
Min. Wochenschr,, 1905, p, 1491. . 
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As it is not within the scope of this book to give the various methods for 
the quantitative estimation of hydrochloric acid for clinical purposes we 
must refer to the various handbooks for clinical methods, such as those 
bf"v., Jaksch, Eulenbukg, -KouLEj.and Weintraud, and the work of Q.' 
Eeissnbr,^ for details as to the qualitative and quantitative tests for 
hydrochloiie acid, and lactic acid. 

The methods suggested by Leo, Hayem aiid Winter, Martius and 
Luttee, and by Reissner, as well as the following method of Morner 
and Sjoqvist,^ are used for the quantitative estimation of the total hydro- 
chloric acid- , K 

The method of K. MbRNER and Sjoqvist depends upoii the following principle : 
When the gastric Juice is evaporated to dryness with barium carbonate and then 
calcined, the organic acids burn up and give insoluble barium carbonate, while 
the hydrochloric acid forms soluble barium chloride. From the quantity of 
this the original amount of hydrochloric acid can be calculated. 10 c.c. of the 
ffltered contents of the stomach are mixed in a small platinum or silver dish with 
a knife-point of barium carbonate free from chlorides and evaporated to diyness. 
The residue is binmed and allowed to glow for a few minutes. ^ The cooled carbon 
is gently rubbed with water and completely extracted with boiling water and the 
filtrate (about 50 c.c.) precipitated by ammonium chromate after the addition of 
ammonium acetate and acetic acid and boiling. The carefully collected precipi- 
tate is washed and dissolved in water by the aid of a little HCi, treated with KI, 
and hydrochloric acid and titrated with h^rposulphite solution. The reactions take 
place as follows- 4HC1 +2BaC03 = 2BaCi2-i-2H20 +2CO2; 2BaCl2 +2(NHd2Cr04- 
2BaCr04 + 4NH4a ; 2BaCr04 + 16HC1 + 6KI - 2BaCl2 + CrsCh 4- 8H2O + 6KC1 + SIo ; 
and 3I2 + 6Na2S203==6NaI +3Na2S406. Each cubic centimetre of the hyposul- 
phite corresponds to 3 mgm. HCI. Complete directions for the necessary solu- 
tions and for the performance of the method may be found in Sjoqvist, Zeitschi-. 
f. klin. Med., 32. 

In testing for volatile fatty acids the contents of the stomach should not 
be directly distilled, as volatile fatty acids may be formed by the decom- 
position of other bodies, such as protein and haemoglobin. The neutral- 
ized contents of the stomach are therefore precipitated with alcohol at 
ordinary temperature, filtered quickly, pressed, and repeatedly extracted 
with alcohol. The alcoholic extracts are made faintly alkaline by soda 
and the alcohol distilled. The residue is now acidified by sulphuric or 
phosphoric acid and distilled. The distillate is neutralized by soda and 
evaporated to dryness on the water-bath. The residue is extracted with 
absolute alcohol, filtered, the alcohol distilled off, and this residue dissolved 
in a little water. This solution may be directly tested for acetic acid with 
suiptiunc acid and alcohol or with ferric chloride. Formic acid may be 
tested for by silver nitrate, which quickly gives a black precipitate ; ' and 
butyric acid is detected by the odor after the addition of an acid. In 
regard to the methods for more fully investigating the different volatile 
fatty acids, the reader is referred to other text-books. 

; V. ^ Zeitsciir. f. kim. Med., 48. 

2 In regard to the methods here mentioned see Reissner, 1. c. 
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III, The Glands , of the Mucous Membrane of the Intestine and' their , 

Secretions. 

The Secretion of Brunner’s Glands. These glands are partly considered 
as small pancreatic glands and partly as mucous or salivary glands. Their 
importance in various animals is different. According to Grutzneh they 
are closely related in dogs to the pyloric glands and contain pepsin. This 
also coincides with the observations of Glaessner and of Ponomakew, 
which differ from each other only in that Ponomarew finds that the secre- 
tion is inactive in alkaline reaction and contains only pepsin, while Glaessxer 
claims it is active in both acid and alkaline reaction and that it contains 
propepsin. According to Abderhalden and Rona^ the pure duodenal 
secretion of the dog contains a proteol3rtic enzyme which does not belong 
to the trypsin tA^pe but rather to the pepsin variety. The statements as 
to the occurrence of a diastatic enzyme in Brunner’s glands are disputed. 

The Secretion of Lieberkuhn’s Glands. The secretion of these glands 
has been studied by the aid of a fistula in the intestine according to the 
method of Thiry and Vella. Very little if any secretion takes place in 
fasting animals (dogs) when the mucous membrane is not irritated. In 
lambs Pregl found the secretion continuous. The ingestion of food 
causes a secretion, and in lambs increases the secretion already taking 
place. Mechanical, chemical, and electrical stimulants act in the same 
manner in dogs (Thiry). The secretion is also markedly increased in man 
by the local irritation of the mucous membrane (Hamburger and He|C]via^). 
In the cases observed by these experimenters the flow of fluid was greatest 
at night as well as between five and eight o’clock in the afternoon, and 
was lowest between two and five o’clock in the afternoon. Pilocarpine 
does not increase the secretion in lambs, and in dogs it does not seem to 
be always active (Gamgee^). Among the chemical excitants we must 
specially mention acids and gastric Juice, which latter acts by its acidity. 
The action of acids seems to be indirect, by means of the secretin which 
will be mentioned below. Several salts, NaCl, Na2S04, and others, may 
cause an abundant secretion of fluid into the intestine when injected intra- 
venously or subcutaneously, as well as after direct application to the peri- 
toneal surface of the intestine. This action can be arrested by the antag- 


^Grutzner, Pfiiiger's Arch., 12; Glaessner, Hofmeister’s Beitrage, 1; Ponomarew, 
Biochem. Centralbl., 1, 351; Abderhalden and Rona, Zeitschr. f. physiol. Chein., 47. 

2 Thiry, Wien. Sitzungsber., 50; Vella, Mpleschott’s Untersuch., 13; Pregl, PfiugePs 
Arch., 01; Gamgee, Physiol. Chem., 2, 410, where Vella and Masloff are quoted; 
Kruger, Zeitschr. f. Biologie, 37; Btaaburger and Hekma, Journ. de physiol et de 
path, generale, 1902 and 1904. 

^ Gamgee, 1. c. 
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onistiC; inhibiting action of a lime salt (MacCallum ^). The quantity of 
this secretion in the course of twenty-four hours has not been exactly 
determined. 

According to Delezenne and Frouin, if any mechanical irritation is 
prevented; the fluid flowing spontaneously from a fistula in a dog is ten 
times more abundant in the duodenum than that in the middle or lower 
part of the jejunum. In the upper part of the small intestine of the dog, 
on the contrary, this secretion is scanty, slimy, and gelatinous; in the 
lower part it is more fluid, with gelatinous lumps or flakes (Rohm.inn). 
Intestinal juice has a strong alkaline reaction tow'ards litmus, generates 
carbon dioxide on the addition of an acid, and contains (in dogs) nearly a 
constant quantity of NaCl and Na 2 C 03 , 4.8-5 and 4-5 p. m. respectively 
(Gumilewski, Rohmann 2), The intestinal juice of the lamb corresponded 
to an alkalinity of 4.54 p. m. Na^COs. It contains protein (Thiry found 
8.01 p. m.), the quantity decreasing with the duration of the elimination. 
The quantity of solids varies. In dogs the quantity of solids is 12.2-24.1 
p. m. and in iambs 29.85 p. m. The specific gravity of the intestinal juice 
of the dog, according to the observations of Thiry, is 1.010-1.0107, and 
in lambs 1.01427 (Pregl). The intestinal juice from lambs contains 
18.097 p. m. protein, 1.274 p. m. proteoses and mucin, 2.29 p. m. urea, 
and 3.13 p. m. remaining organic bodies. 

We have the investigations of Demakt, Turby and Manning, H. Ham- 
burger and Hekma and Nagano^ on the human intestinal juice. Human 
intestinal juice has a low specific gravity, nearly 1.007, about 10-14 p. m. 
solids, and is strongly alkaline towards litmus. The content of alkali calcu- 
lated as sodium carbonate is 2.2 p. m., according to Nagano, Hamburger 
and Hekma, and 5.8-6.7 p. m. NaCl. The determination of the freezing- 
point was —0.62'^ (Hamburger and Hekma). 

The intestinal juice of the dog contains, according to Boldirepp,^ a. 
Upase wdiicli acts especially upon emulsified fat (milk) and is different from 
pancreas lipase. The intestinal juice of animals and man also contains an 
enzyme, erepsin^ discovered by 0, Cohnheim, which does not act ordinarily 
upon native proteins, but upon proteoses and peptones, and the juice also 
has a faint amyloljrtic action. The juice, and to a high degree the mucous 
coat, contains invertase and imltase, which fact has been recently substan- 
tiated by the observations of Paschutin, Brown and Heron, BASTiiiNSLEx, 

^ University of California Publications, 1 , 1904. 

® Dekenne and Frouin, Compt. rend. soc. biolog., 56; Gumilewski, Pfiuger^s Arch., 
'S9; Eohmann, 41. 

® Demant, Virchow's Arch., 75; Turby and Manning, CentralbL 1 d. med. Wis- 
sensehaft, 1892, 945; Hamburger and Hekma, 1. c.; Nagano, Mitt, aus d. Grenzgeb. 

- d. Med, u. Chir., 9. ; y . ' / ' , 

^Boldireff, Arc'Mv 'i sciences .biplog, de St. jP^tersfconrg, IX, ' ‘ ‘ ''r' 
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and Tebb.^ A lactose-inverting enzyme, a lactase^ also occurs, as shown 
by Rohmann and Lapps, Pautz and Vogel, Weinland, and Orb an, ^ in 
new-born infants and young, animals, and also in grown mammals which 
were fed upon a milk diet. The lactase is found to a greater extent in 
the mucosa than in the juice. 

Besides erepsin and the other enzymes mentioned the intestinal mucosa 
also contains antienzymes, antipepsin and antitrypsin (DaxNilewsky and 


Weinland*^), also enterokinase or a mother-substance of the same, and 
finally also the so-called prosecretin. These two last-mentioned bodies, 
which are closely connected with the secretion of pancreatic juice, will 
be discussed in connection with this digestive fluid. 

The various enzymes are not formed in equal quantities in all parts of 
the intestine. Lipase, diastase, and invertase occur, according to Boldi- 
BEFF, all through the intestine, while the kinase occurs only in the upper part 
of the intestine (Boldireff, Bayliss and Starling, Delezenne). Ac- 
cording to Hekma the kinase occurs in all parts of the intestine, but most 
abundantly in the duodenum and the upper part of the jejunum. The 
enzymes, according to Falloise, generally occur in greatest abundance in 
the upper parts of the intestine; but the erepsin occurs to a greater extent in 
the jejunum than in the duodenum. According to the investigations of Ver- 
non the behavior of erepsin in different animals is not the same. In cats 
and hedge-hogs the duodenum is richer in erepsin than the jejunum and 
ileum; in rabbits it is the reverse, namely, the ileum is much richer than the 
duodenum. The secretion, according to Bayliss and Starling, is formed 
entirely in the upper part of the intestine. The epithelium-cells of the glands 
or the mucous membrane are generally considered as the seat of forma- 
tion of the enzymes, and the same is true also for the enterokinase, according 
to Bayliss and Starling, Hekma, Falloise, and others, which, how’^ever, 
according to Delezenne,^ is formed in the leucocjdes and Peyer^s glands, 

Bottazzi ® has obtained a very complex protein from the intestinal mucosa, 
which is readily soluble in water and alkali but is precipitated by acids. It coagu- 
lates at 55° to 50° and probably also contains carbohydrate and considerable 


^ Pasclmtin, Ceiitralbl. f. d. med. Wissensch,, 1870, 561; Brown and Heron, Annal. 
d. Clieiii. u. Pharm., 204; Bastianelli, MoleschotPs Untersucli. zur Naturlehre, 14 ^ 
ftliis contains all the older literature). See also Miura, 2ieitschr. f. Bioiogie, S2; Wid- 
dicotiibe, Joiirn. of Physiol., 28; Tebb, ihid,^ 15. 

Rohinann and Lappe, Ber, d. dCutsch. ciiem. Gesellsch., 28; Paute and Vogel, 
Zeitschr. f. Bioiogie, 32; Weinland, 38.; Orban, Malyhs Jahresber., 29. ■ > . 

^ See foot-note l,p. 373. . • 

^ Boldireff, Arch. d. scienc. biolog. de St. B6tersbourg, 11; Bayliss and Starling, 
Journ. of Physiol., 29, 30; Hekma, 1. e.; FaEoise, see Biochem. CentralbL, 4, p. 153; 
Vernon, Journ. of Physiol., 33;, Delezenne, Qompt. rend. soc. biplog .54 and 50. 

® See Biochem. CentralbL, S, .p:. 65. . ' ... . 7 ? ^ 
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iron. Intravenous injection of this protein brings about an abundant secretion 
of saliva^ pancreatic juice, bile, and intestinal juice, and promotes the peristaltic 
movements of the intestine. 

Erepsin. This enzyme, discovered by 0. Cohnheim, has no direct 
action upon native proteins with the exception of casein, but has the power 
of splitting proteoses and peptones. In this change mono- as well as di- 
amino-acids are produced. Erepsin occurs in the mucous membrane and in 
the intestinal juice of man as well as of dogs; the mucous membrane seems 
to be richer than the juice (Salaskin, Kutscher and Seemann^). An 
enzyme like erepsin occurs also in the pancreas (Bayliss and Starling, 
Vernon), and this has the power of acting upon casein, but not, or only 
faintly, upon fresh fibrin. This erepsin is probably identical with the 
enzyme nuclease^ discovered by F. Sachs in the pancreas, which acts upon 
nucleic acids, while Nakayama claims that erepsin differs from trypsin 
by having a cleavage action upon nucleic acids. Erepsin shows a great 
similarity to the intracellular enzymes active in autolysis, and according to 
Vernon erepsins occur in the various tissues of invertebrates as wel! as 
vertebrates. These tissue erepsins, which are closely related to the auto- 
lytic enzymes, if they are not identical, behave somewhat differently from 
the intestinal erepsin and are not identical therewith. Enzymes having 
an action similar to erepsin occur, according to Vines, ^ in all plants so far 
investigated. 

Erepsin becomes inactive on heating to 59® It works best in alkaline 
solution, but has hardly any action in faint acid reaction. In this regard, 
as well as by the fact that only a little ammonia is split off by its action 
upon peptone substances, it differentiates itself from cert.ain of the auto- 
lytic enzymes studied so far. 

The secretion of the glands in the large intestine seems to consist chiefly 
of mucus. Fistulas have also been introduced into these parts of the 
intestine, which are chiefly, if not entirely, to be considered as absorption 
organs. The investigations on the action of this secretion on nutritive 
bodies have not as yet yielded any positive results. 

IV. The Pancreas and Pancreatic Juice, 

In invertebrates, which have no pepsin digestion and which also have 
no formation of bile, the pancreas, or at least an analogous organ, seems to 
be the essential digestive gland. On the contrary, an anatomically charac- 
teristic pancreas is absent in certain vertebrates and in certain fishes. 

•^Colinheim, Zeitschr. f, physiol. Chem., S3, 35, 36, and 47; Salaskin, ibid., 35; 
Kntscher and Seemann, ibid., 35. 

® Bayliss and Starling, Joum. of Physiol, 30; Vernon, ibid., 30 and 33; F. Sachs, 
Zeitschr. f. physiol. Chem., 46; Nakayama, 41; Vines, Annals of Botany, IS and 
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Those functions which should be regulated by this organ seem to be per- 
formed in these animals by the liver, which may be rightly called the hepa- 
TOPANCREAS. In man and in most vertebrates the formation of bile and of 
certain secretions containing enzymes important for digestion is divided 
between the two organs, the liver and the pancreas. 

The pancreatic gland is similar in certain respects to the parotid gland. 
The secreting elements of the former consist of nucleated cells whose basis 
forms a mass rich in proteins, which expands in water and in which two 
distinct zones exist. The outer zone is more homogeneous, the inner cloudy, 
due to a quantity of granules. The nucleus lies about midway between the 
two zones, but this position may change with the varying relative size of 
the two zones. According to Heidbnhaix ^ the inner part of the cells 
diminishes in size during the first stages of digestion, in which the secretion 
is active, while at the same time the outer zone enlarges owing to the 
absorption of new material. In the later stage, when the secretion has 
decreased and the absorption of the nutritive bodies has taken place, the 
inner zone enlarges at the expense of the outer, the substance of the latter 
having been converted into that of the former. Under physiological con- 
ditions the glandular cells are undergoing a constant change, at one time 
consuming from the inner part and at another time growing from the outer 
part. The inner granular zone is converted into the secretion, and the 
outer, more homogeneous zone, which contains the repairing material, is 
then converted into the granular substance. The so-called islands of 
Langerhans are related to the internal secretion or contain a substance 
taking part in the transformation of the sugar of the animal body.^ 

The chief portion of protein substances contained in the gland consists, 
it seems, of mideoproteids, while the globulins and alhum/ins occur only to a 
slight extent as compared with the nucleoproteids. Among the compound 
proteids is the substance studied and isolated by Umber but previously 
discovered by Hammarsten^ and called a-proteid. This nucleoproteid 
contains, as an average, 1.67 per cent P, 1.29 per cent S, 17.12 per cent 
N, and 0.13 per cent Fe. It yields on boiling /3-proteid, so called by Ham- 
MAESTEN, w^hich is much richer in phosphorus than the nucleoproteid. 
The native proteid (o:) is the mother-subrtance of guanylic acid; accord- 
ing to Umber it dissolves by pepsin digestion without leaving any residue 
and yields on tiypsin digestion . guanylic acid on one side and proteoses 
and peptones on the other. It can be extracted from the gland by a 


® See Diamare and Knliabko, CentralbL f. Physiol., 18 and 19; Rennie, 18; 
Sauerbeck, Virciiow^s Arch... 17? SuppL 

, ® Umber, Zeitschr. f. klia. Med., and 43; Hammarsten, Zeitschr. f. physiol. 
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pliysiologicai salt solution and is precipitated by acetic acid. Besides this 
compound proteid the pancreas must contain at least one other proteid, 
which is the mother-substance of the thymonucleic acid obtainable from 
the pancreas. 

Besides these protein substances the gland contains also several enzymes, 
or more correctly zymogensj which will be discussed later. Among the 
extractive bodies, which are probably in part formed by post-mortem 
changes and chemical action, we must mention leucine (butalanine), 
tyrosine j purine bases in variable quantities,^ inosite, lactic acid, volatile fatty 
acids, and fats. The mineral bodies vary considerably in quantity not only 
in animals and man but also in men and women (Gossmann). The calcium 
seems, according to Gossiviaxh, to exist in much greater amount than the 
magnesium. According to the investigations of Oidtj^iann’ the pancreas 
of an old wmman contains 745.3 p. m. water, 245.7 p. m. organic and 9.5 
p. m. inorganic substances. Gossmann ^ found in a man 17.92 p. m. ash 
and 13-05 p. m. in a woman. 

Besides the already-mentioned (Chapter VIII) relationship to the trans- 
formation of sugar in the animal body, the pancreas has the property of 
secreting a juice especially important in digestion. 

Pancreatic Juice. This secretion may be obtained by adjusting a fistula 
in the excretory duct, according to the methods suggested by Bernard, 
Ludwig, and Heidenhain, and perfected by Pawlow.^ If the operation 
is performed with sufficient rapidity and under favorable conditions a 
powerfully active secretion may be obtained either immediately after the 
operation (tempora-i-y fistula) or after some time {permanent fistula). 

In herbivora, such as rabbits, whose digestion is uninterrupted, the 
secretion of the pancreatic juice is continuous. In carnivora it seems, on 
the contrary, to be intermittent and dependent on the digestion. During 
starvation the secretion almost stops, but commences again after partaking 
of food and reaches its maximum, according to Bernstein, Heidenhain, and 
others, within the first three hours. According to Pawlow and his school 
(Walther this maximum is dependent upon the character of the food. 
With milk diet it appears within three to four hours, after bread diet at 
the end of the second hour, and with a meat diet it arrives still sooner. 
The quality of the juice is also, according to PAWLow^s school, dependent 

^ See Kossel, Zeitschr. f. physiol. Ohem., 8. 

^ Gossmaim, Malyhs Jahresber., SO; Oidtmaim, cited from Gomo-Besaneja, Lehr- 
buck, 4th Ed., 732. 

® Bernard, Legons de Physiol.,, 2, 190; Ludwig, see Bernstein, Arbeiten a. d. physiol. 
Anstalt 2 ;u Leipzig, 1869; Heidenhain, PflugePs Arch., 10, 604; Pawlow, Die Arbeit 
der Verdauungsdrsuen, Wiesbaden, 1898, and Ergebnisse der Physiologie, 1, Abt. 1. 

* Bernstein, 1. e., foot-note 3i Walther, Arch, des sciences biol. de tt 
, P^tersbourg, 7, ^ ^ 
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upon the food, and the amount of the three enzymes, diastase, trypsin, and 
' steapsin, changes with the variety of food. The observations which form 

' the basis of this view have been somewhat differently explained in the light 

of recent investigations on the conditions necessary for the conversion of 
trypsinogen into trypsin. 

Pawlow and his pupils, especially Schepowalxikoff, have shown 
that the above-mentioned (page 379) enterokinase activates the trypsinogen 
; into trypsin. These observations were later confirmed by others, especially 

I by Delezbxne and Frouix, Popielski, Camus and Gley, Bayliss and 

I Starling, and further studied. The pure juice contains only trypsinogen 

I and no tr}^psin. By mixing with the intestinal juice, or by contact with the 

I intestinal mucosa, the trypsinogen is converted into trypsin by the kinase, 

Enterokinase, w^hich itself has no action upon proteins, has been found in 
all higher animals examined. A kinase with a similar action has also been 
detected by Delezenne in the lymph-glands and in impure fibrin, a state- 
? ment which is contradicted by Bayliss and Starling and Hekma, The 

; ^ enterokinase is made inactive by heat and is therefore considered as an 

enzyme. Hamburger and Hekma, who detected enterokinase in human 
intestinal juice, do not consider it an enzyme, because a certain quantity 
of intestinal juice will activate only a certain quantity of trypsin (see below). 

The above statements concerning the' action of a varying diet upon the 
enzyme content of the juice have been somewhat changed by the investiga- 
tions of Pawlow's school (Lintwarew and others). For instance, a diet of 
1 bread and milk causes the secretion of a large quantity of juice which is 

\ rich in trypsinogen but contains almost no trypsin. On giving meat after 

f this the juice also contains trj^psin; after a rich meat diet the secretion 

} becomes scant and the juice contains only trypsin but no trypsinogen. 

I There is here one difference between Pawlow^s school and certain 

i other investigators. According to Delezenne and Frouin, Popielski, 

1 Bayliss and Starling, Prym, and others,^ the juice never contains 

I trypsin but always only trypsinogen, if it is collected through a canula in 

I Wirsung'S duct, so that contact with the intestinal mucosa is prevented. 

I Popielski explains the observations of Pawlow’s school by the fact that 

i a contact of the juice with the intestinal secretions was not perfectly pre- 

I vented, and that with one kind of diet a rapid flow of juice took place and 

with another a slower flow. 

It is not clear whether there are also kinases for the other two enzymes. 
Pawlow's pupils claim that the diastase is ahvays eliminated as enzyme, 
while according to Pozerski a kinase also exists for this zymogen. In 

regard to the literature on enterokinase, secretin, and secretion of pancreatic 
. juice, see O. Cohnheim, Biochem. CentralbL/l, 169, and S. Rosenberg, ibid,, 2, 708; 

' ' . . Prym, Pfliuger^s Arch., 104 and 107., " . > „ -V," ^ 
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regard to steapsin the statements are somewhat contradictory. Accord* 
iiig to Lintwahew there is secreted with food rich in carbohydrates and 
fats a zymogen which is quickly changed into the enzyme by bile or 
intestinal juice. With a meat diet the steapsin is secreted already formed. 

The specific irritants for the secretion of pancreatic juice are, according 
to PawloW' and his collaborators, acids of various kinds^ — hydrochloric acid 
as well as lactic acid™-and fats, the latter acting probably by virtue of 
the soaps produced therefrom. Alkalies and alkali carbonates have, on the 
contrary, a retarding action. It appears that the acids act by irritating 
the mucosa of the duodenum. Water, w^hicli causes a secretion of acid 
gastric juice, likewise becomes indirectly a stimulant for the pancreatic 
secretion, but may also be an independent exciter. The psychical moment 
may, at least in the first place, have an indirect action (secretion of acid 
gastric juice), and the food seems otheiwise to have an action on pancreatic 
secretion by its action on the secretion of gastric juice. 

The most important excitant for the secretion of juice is hydrochloric 
acid, but the views are not united as to the manner in which the acid acts 
According to Pawt:jOw's school, the acid acts reflexly upon the intestine, 
causing a secretion of a juice containing only trypsinogen. That a reflex 
action is here produced is not contradicted by the investigations of Popiel- 
sra, Werthelmer and Lepage, Fleig,^ and others. According to the 
researches of Bayliss and Starling, which have been confirmed by Camus, 
Gley, Fleig, Herzen, Delezennb, and others, a second factor must also 
be active here. Bayliss and Starling have shown that a body which 
they have called secretin can be extracted from the intestinal mucosa by 
a hydrochloric- acid solution of 4 p. m., and this when introduced into the 
blood produces a secretion of pancreatic juice. The secretin, which accord* 
ing to Bayliss and Starling ^ is the same in all vertebrates examined, is not 
destroyed by heat; it is therefore not identical with enterokinase, and is not 
considered as an enzyme. It is formed from another substance, 'prosecretin, 
by the action of acids. According to Delezenne and Pozerski^ secretin 
occurs as such in the intestinal mucosa, and the acid acts only by the 
destruction of certain bodies having a retarding action. According to 
PoPiELSKi vsecretin action is different from acid action; the secretin 
according to him is a peptone, and the secretin action can also be obtained 
by Witte's peptone. The statements about secretin and its action are 
very divergent. It is difficult to obtain a clear conception of the 


*CentraIbL t Physiol, 16, 681, and Compt. rend. soc. bioL, 55. See also foot- 
® Journ. of Physiol, 20. ■: ^ ,, ' 

^ Delezenne and Pozerski, Compt. rend. soc. bioL, 56; Popielski, Centralbl. f. 
Physiol., 10*,'', 
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amount of zymogens or enzymes secreted by the Juice under the in- 
fiuence of the secretin. It seems to be clear that this juice^ at least 
in many caseSj contains only trypsinogeii and no trypsin. 

A second means of causing secretion is the fat, which probably only 
acts after it has been saponified. Oil-soap introduced directly into the 
duodenum brings about a strong secretion of pancreatic Juice (Sawitsch, 
Babkine and at the'' same time a flow of bile, gastric juice, and 
the secretion of Brunnee’s glands occurs. The pancreatic Juice secreted 
under these circumstances has about the same amount of enzymes as the 
Juice secreted after partaking of food. We know very little as to how the 
soaps act. Fleig^ iial found that by maceration of the mucosa of the 
upper part of the duodenum with soap solution a substance goes into 
solution, which he calls sapokrinin and which when introduced into the 
blood brings about a strong secretion of pancreatic Juice. This sapo- 
krinin, which is derived from a prosapokrinin, is not an enzyme and is not 
identical with secretin. It dissolves in 60 per cent alcohol and is not 
destroyed by boiling. vSapokrinin affects the secretion of pancreatic Juice 
alone, while the soaps also excite the secretion of bile and gastric Juice. 
The secretion of pancreatic Juice may also be increased by alcohol (Fleig, 
Gizelt^). 

The activation of the trypsinogen into trypsin may in life be brought 
about — as the researches of Herzen, which have been substantiated by 
Gachet and Pachon, Bellaiuy, Mendel and Rettger, have shovm — not 
only in the intestine, but also in the g^and itself. This activation of the 
tr}"psinogen in the gland itself is caused in a manner still imknown by a 
body of unknown nature formed in the spleen, which is congested 
during digestion. Such a “charging” of the pancreas by the spleen 
has been repeatedly suggested by Schiff,^ but this has recently been denied 
by Priwi. According to this experimenter the extirpation of the spleen 
causes no change in the properties of the pancreatic Juice, and the intra- 
venous injection of spleen infusion is also without action on a splenec- 
tomized dog with permanent pancreatic fistula. The observations of 
Herzen that a spleen infusion has a strong activating action upon a 
w-eak pancreas infusion were substantiated by Prtm,^ but he claims that 
tills is due essentially to micro-organisms. 

The conversion of the trypsinogen into trypsin in the removed gland oi 


^ Axcli. des scienc. bioiog. de St. P6tersbourg, 11. 

Compt. rend. soc. biolog., -55, md Jourru de physiol* et de pathol. g4n., 1901 ■ 

* Centralbl. f. Physiol., 19. 

« Bellamy, Joxirn. of Physiol, 27; Mendel and Rettger, Amen Joum. of Physiol., 7. 
A very complete reference to the literature may be found in Mema Besbokaia Du 
rapport fonctionell entre le pankreas et la rate, Lausanne, 1901. : 

^Pfliigeris Arch., 104 and ^ ' 
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in an infusion under the influence of air and water and also hy other bodies 
has been known for a long time. According to Veenon the trypsin itself 
has a strong activating action upon trypsinogen, and in this regard it is 
more active than enterokinase. The correctness of this statement is still 
denied by Bayliss and St^leling and by Hekma. The ordinary view of 
HeidenhaiN; that the transformation of tr^^psinogen into trypsin is also 
brought about by acidS; has been found to be incorrect by Hekma^ Besides 
the enterokinase and the micro-organisms we know for the present of no 
agent of organic origin which has the power of activating trypsinogen with 
positiveness. According to Delezenne, on the contrary ^ the pancreatic 
juice can be activated by calcium salts, and according to E. Zunz ^ also by 
magnesium and in certain cases by barium, lithium, and strontium salts. 

The way in which the trypsinogen is converted into trypsin is still un- 
knowm and is the subject of disputed views. According to one view, pro- 
posed by Pawlow and defended by Bayliss and Staeling, the tryjD- 
sinogen is transformed into trypsin by the action of the kinase. According 
to the views of Delezenne, Dastre and Stassano, and others,^ the trypsin, 
on the contrary, is a combination between the kinase and trypsinogen, 
analogous to the hsemoiysins, which according to Ehrlich^s side-chain 
theory are combinations between a complement and an amboceptor. 

The reflex formation of lactase after the introduction of milk-sugar 
into the intestine, as observed by Weinland, is to be considered as an 
intraglandular enzyme formation. This is a special example of the 
general rule based upon Brocard^s researches, that the kind of food has 
a marked influence upon the formation of hydrolytic ferments in the body; 
^^c^est Taliment qui fait le ferment.^^ It has not been determined in what 
way the milk-sugar produces this adaptation of the gland. The investiga- 
tions of Bainbridge^ seem to show that the milk-sugar causes the pro- 
duction of a body in the intestinal mucosa, which is brought to the pancreas 
by the blood and there makes the formation of lactase possible. This 
special property of the pancreas is denied by Plimmer.^ 

^Vernon, Joiirn. of Physiol., 28; Hekma, Kon. Akad. v. Wetenschappen. te 
Amsterdam, 1903, and Arch. f. (Anat. u.) Physiol., 1904; Bayliss and Starling, Journ. 
of. Physiol., 30. 

® Delezenne, Compt. rend. soc. bioiog,, 59, and Compt. rend., 141 ; Zunz, see Biochem. 
CentralbL, 5, 69. 

® Bayliss and Starling, Journ. of PhysioL, 30 and 32, which also cites the other 
' investigators. See also foot-note b P- 

Weinland, Zeitschr. 1 Biologie, 38 and *40; Brocard, Journ. de physiol, et de 
path, gen., 4; Bainbridge, Joiim. of Physiol,, 31* Contradictory views are given 
by Bierry, Compt. rend., 140, and Compt. rend, soc, bidog., 58, and Piimmer, Journ. 

® Journ. of Physiok,' ■34'",', • 
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The statemeBts as to the quantity of pancreatic Juice secreted in the 
twenty-four hours differ very much. According to the determinations 
■of Pawlo'W and his collaborators, Kuwschinski, Wassiliew, and Jablon- 
SKvd the average quantity (with normally acting juice) from a permanent 
fistula in dogs is 21,8 c.c. per kilo in the twenty-four hours. 

The pancreatic juice of the dog is a clear, colorless, and odorless alka- 
line fluid which when obtained from a temporary fistula is very rich in 
proteins, sometimes so rich that it coagulates like the white of the egg 
on heating. Besides proteins the juice contains also the three above- 
mentioned enzymes (or their zymogens), amylopsin, trypsin, steapsin, 
also an enzyme similar to erepsin, and besides thevse a rennin, which was 
first observed by Kuhne. Besides the above-mentioned bodies the pan- 
creatic juice habitually contains small quantities of leiccine, fat, md soaps* 
As mineral constituents it contains chiefly alkali chlorides and considerable' 
alkali carbonate, some phosphoric acid, lime, magnesia, and iron. ' 

The older analyses of the juice from a permanent fistula by C. Schsodt 
are the results of a more or less abnormal secretion, hence we shall give only 
the analyses of juices* from temporary fistulas on dogs.^ The results are 
given in parts per 1000. 

a. b. 

Water............. .................. 900.8 884.4 

Solids....................... ..... 99.2 115.6 

Organic substance 90.4 

Ash. . 8.S 

The mineral constituents consisted chiefly of NaCl, 7.4 p. m., which is remark- 
able because the juice contains such a large amount of alkali carbonate. In the 
juice examined by Db Zilwa ® the quantity of alkali in the secretin juice was 
5-7.9 p. m. and in the pilocarpin juice 2.9~5.3 p. m. NauCOs. 

In the pancreatic juice of rabbits 11-26 p. m. solids have been found, and in 
that from sheep 14.3-36.9 p. m. In the pancreatic juice of the horse 9-15.5 p. m. 
solids have been found; in that of the pigeon, 12-14 p. m. 

The human physiological pancreatic secretion from a fistula has been 
investigated by Glaessner.^ The secretion was clear, foamed readily, 
had a strong alkaline reaction even towards phenolphthalein, and contained 
globulin and albumin but no proteoses and peptones. The specific gravity 
was 1.0075 and the freezing-point depression was ‘J = — 0,46-0.49^ The 
solids were 12,44-12.71 p. m., the total protein 1.28-1.74 p. m., and the 


^ Arch, des sciences de St. P^tersbourg, 2, 391. The older statements of Keferstein 
and Hallwachs, Bidder and Schmidt, and others may be found in Kulme, Lehrbuch, 
114. ’ . ' ■ 

^ Cited from Maly in Hermann's Handbiich der Physiol., 5, Theil II, 189. 

^ Journ. of Physiol., 31. : ~ ‘ . 

^ Zeitschr. f. physiol. Chem., 40. See also Ellinger and Kohn, ibU,, 45, and the 
investigations upon cystic fluids from the pandreas by Schumm, ibid., 30, and Murray 
and Gies, American Medicine, 4, 1902. ' ' - v . 
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: minemr bodies 5.66*6.98 p. m. The secretion contained trypsinogenj 
which was activated by the intestinal Juice. Diastase and lipase were 
present; inverting enzymes, on the contrary, were not. The daily quantity 
of juice was 500-800 c.c. The quantity of secretion, qf ferments, and of 
alkalinity was lowest in starvation, but soon rose with the taking of food, 
and reached its maximum in about four hours. 

Amyiopsin or pancreatic diastase, which, according to Korowin and 
Zw^EiFEL, is not found in new-born infants and does not appear until more 
than one month after birth, seems, although not identical with ptyalin, to 
be nearly related to it. Amyiopsin acts very energetically upon boiled 
starch, and according to Kuhne also upon unboiled starch, especially at 
37® to 40® C., and according to Vernon ^ best at 35® C. It forms, similar 
to the action of saliva, besides dextrin, chiefly isomaltose and maltose, 
with only very little dextrose (Musculus and v. Merino, Ktinz and 
Vogel 2). The dextrose is probably formed by the action of the invertin 
existing in the gland and juice. The pancreatic juice of the dog contains 
in fact, according to Bibrry and Terroine,^ maltase, whose action becomes 
apparent only after very faint acidification of the juice. According to 
Rachford the action of the amyiopsin is not reduced by very small quan- 
tities of hydrochloric acid, but is diminished by larger amounts. Vernon, 
Grutzner, and Wachsivl^nn ^ find that the action is indeed accelerated by 
very small quantities of hydrochloric acid, 0.045 p. m., 'while alkalies in 
very small amounts have a retarding action. This retarding action of 
alkalies and hydrochloric acid may be stopped by bile (Rachford.) 

If the natural pancreatic juice ip not to be obtained, then the gland 
may be treated with water or glycerine. This infusion or the glycerine 
extract diluted with water (when glycerine has been used w’^hich has no 
reducing action) may be tested directly with starch-paste. It is safer, 
however, to first precipitate the enzyme from the glycerine extract by 
alcohol, and wash with this liquid, dry the precipitate over sulphuric acid, 
and extract with water. The enzyme is dissolved by the water. The 
test for sugar may be performed in the same manner as in the saliva. 

Steapsin or Fat-splitting Enzyme. The action of the pancreatic juice 
on fats is twofold. First, the neutral fats are split into fatty acids and 
glycerine, which is an enzymotic process; and secondly, it has also the 
property of emulsifying the fats. 


^ Korowin, Malyhs Jahresber., 3; Zweifel, foot-note 1, p. 344; Kuhne, Lehrbuch, 
117; Vernon, Joarn. of Physiol., 27. 

: ^ See foot-note 4, p. 344. 

® See Tebb, Joiim. of Physiol, 15; Bierry and Terroine, Compt. rend. soc. bxo- 
log. 58.' ^ 

* Rachford, Amer. ^'Journ. ■ of Vernon, I c.; Griitmer, Pfliiger's' 
Arch 91 ^ ' 
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The action of the pancreatic juice in splitting the fats may be shown in 
the following way: Shake olive-oil with caustic soda and ether, siphon olf 
the ether and filter if necessary, then shake the ether repeatedly with water 
and evaporate at a gentle heat. In this w^ay is obtained a residue of fat 
free from fatty acids, which is neutral and which dissolves in acid-free alcohol 
and is not colored red by aikanet tincture. If such fat is mixed wdth 
perfectly fresh alkaline pancreatic juice or wuth a freshly prepared infusion 
of the fresh gland and treated with a little alkali or with a faintly alkaline 
glycerine extract of the fresh gland (9 parts glycerine and 1 part 1 per cent 
soda solution for each gram of the gland), and some litmus tincture added 
and the mixture warmed to 37 ® C., the alkaline reaction wall gradually 
disappear and an acid one take its place. This acid reaction depends upon 
the conversion of the neutral fats by the enzyme into glycerine and free 
fatty acids. 

The splitting of the neutral fats may also be showm more exactly by 
the following method: The mixture of neutral fats (absolutely free from 
fatty acids) and pancreatic juice or pancreas infusion is digested at the tem- 
perature of the body and treated wdth some soda and repeatedly shaken 
with fresh quantities of ether until ail the unsplit neutral fats are removed. 
Then it is made acid with sulphuric acid, and after the acid liquor has been 
shaken -with ether, the ether is evaporated, and the residue tested for fatty 
acids. 

Another simple process for the demonstration of the fat-splitting action 
of the pancreatic glands is the followdng (Cl. Bernakd) : A small portion of 
the perfectly fresh, finely divided gland substance is first soaked in alcohol 
(90 per cent). Then* the alcohol is removed as far as possible by pressing 
betw^een blotting-paper, after which the pieces of gland are covered wath 
an ethereal solution of neutral butter-fat (which may be obtained by shak- 
ing milk with caustic soda and ether). After the evaporation of the ether 
the pieces of gland covered with butter-fat are pressed between tw^'o w^atch- 
glasses and then gently heated to 37 ® to 40 ® C. in this position. After 
some time a marked odor of butyric acid appears. 

The action of the pancreatic juice in splitting fats is a process analogous 
to that of saponification, the neutral fats being decomposed, by the addition 
of the elements of water, into fatty acids and glycerine according to the 
followdng formula: C3H5.O3.R3 (neutral fat) -j-3H20 = C3H5.03.H3 (glycerine) 
-f 3 (H.O.R) (fatty acid). This depends upon a hydrolytic splitting, which 
was first positively proved by Bernard and Berthelot. The pancreas 
enzyme also decomposes other esters, just as it does the neutral fats 
(Nencki, Baas). The fat-splitting enzyme of the pancreas is, according 
to Pawlowt and Bruno, aided in its action by the bile, and according 
to Engel obeys Schutz-Borissow^s rule that the extent of cleavage 
during a given time is proportional to the square root of the quantity of 
ferment. The investigations of Kanitz ^ have led to the same results. 

^ Bernard, Ann. de chim. et physique (3), 25; Berthelot, Jahresber. d. Chem,, 
1855, 733; Nencki, Arch. f. exp. Path. u. Pharm., 20; Baas, Zeitschi’. f. physiol. Chem., , 
14, 416; Bruno, Arch, des sciences biolog. de St. P4tersbourg, 7; Engel, Hofmeister^s 
Beitrage, 7; 'Kanitz, 2eitsehr, f. physiol.' 'Chem., *40. ' 
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PoTTEYiN ^ found that the pancreas (free from water) could form olein from 
oleic acid and glycerine It is claimed that the gland can form other esters from 
oleic acid or stearic acid with other alcohols (amyl alcohol) if we operate only in 
the absence of water. In the presence of considerable water the pancreas has a 
reverse saponifying action. 

The fatty acids which are split off by the action of the pancreatic Juice 
combine in the intestine with the alkalies, forming soaps, which have a 
strong emulsifying action on the fats, and thus the pancreatic Juice becomes 
of great importance in the emulsification and the absorption of the fats. 

Trypsin. The action of the pancreatic Juice in digesting proteins was 
first observed by Bernard, but first proved by Corvisart.^ It depends 
upon a special enzyme called by Kuhne trypsin. This enzyme, as previ- 
ously explained, does not occur in the gland as such but as trypsinogen. 
According to Albertoni ^ this zymogen is found in the gland in the last 
third of the intra-uterine life. Enzymes more or less like trypsin occur 
in other organs and are very widely diffused in the vegetable kingdom,'^ 
in yeast and in higher plants, and are also formed by various bacteria. 

As we know of so-called antienzymes for other enzymes, so we also have anti- 
trypsins and not only in the intestinal canal but also in the blood-serum. The 
results as to the specificity of these antitrypsins in various animals, as well as 
the possibility of producing antitrypsins by immunization, are still disputed 

Trypsin, like other enzymes, has not been prepared in a pure condition. 
Nothing is positively known in regard to its nature, but as obtained thus far 
it shows a variable behavior (Kuhne, Klug, Levene, Mays, and others). 
At least it does not seem to be a nucleoproteid, and trypsin has also been 
obtained which did not give the biuret test (Klug, Mays, Schwarzschild). 
Trypsin dissolves in winter and glycerine, while Kuhne’s trypsin was insol- 
uble in glycerine. It is very sensitive to heat, and even the body tempera- 
ture gradually decomposes it (Vernon, Mays). In neutral solution it 
becomes inactive at 45° C. In dilute soda solution of 3-5 p. m. it is still 
more readily destroyed (Biernacki, Vernon^). The presence of proteid 
or proteoses has, to a certain extent, a protective action on heating an 
alkaline trypsin solution, and this has been substantiated by recent investi- 
gations of Bayliss and Vernon. The simpler cleavage products have a still 

^ Gaz. hebdomadaire, 1857, Nos. 15, 16, 19, cited from Bunge, Lehrbuch, 4. Aufi,, 

® See Maly's Jahresber., 8, 254. 

^ In this connection see Vines, Annals of Botany, 16, 17, IS, 19, and Oppenheimer, 
Die Fermente, 1900. . i 

s Kuhne, Verb. d. naturh.-med. Vereins zu Heidelberg (N. F,), 1„ 3; Klug, Math 
naturw. Ber. aus Ungam, 18, 1002; Levene, ^er. Journ. of Physiol, 5; Mays, 
Zeitsehr. f. physml _ Cha^}; 28 and 29; BiernackL 
Zeitschr. f. Biologie, 28; ; .HofmeistePs Beitrage, 4,. ; ’ • ’ . 
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greater protective action , (Veenon ^). Trypsiiiogen, according to the 
unanimous statements of several -expenmenters, is more resistant' towards 
alkalies than trypsin. Trypsin is gradually destroyed by gastric Juice 
and even by digestive hydrochloric acid alone. 

The preparation of pure trypsin has been tried by various experimenters. 
The inost’ careful work in this ■ direction was done by Kuhn E and Mays. 
Various methods have been suggested by Mays, but we cannot enter into 
a disGUSsion of them. A very pure preparation can be obtained by making 
use of the combined salting out with NaCl and MgS 04 . A very active 
solution, and one that can be kept for a long time (for more than twenty 
3 'ears according to Hammaesten), can be obtained by extracting with 
glycerine (Heideatlaix ^). An impure but still very active infusion can 
be obtained after a few days by allowing the finely divided gland to stand 
with water which contains 5-10 c.c. chloroform per litre (Salkow'ski) at 
the temperature of the room. This infusion can be kept veiy active for 
several years at the cellar temperature. For digestion experiments the 
active commercial trypsin preparations can be employed. 

Like other enzymes, trypsin is characterized by its action, and this 
action consists in dissolving protein and in splitting it into simpler products, 
mono- and diamino-acids, tryptophane, etc., in alkaline, neutral, and indeed 
in very faintly acid solutions. This action has been so far considered as 
characteristic for trypsin. Recent investigations seem to indicate that 
this action is not due to one enzyme alone but to the combined action 
of several enz 3 ^mes. 

There is no question that in the pancreas there occurs besides trypsin 
also an enzyme similar to erepsin (Bayliss and Starling, Vernon s). 
According to the latter this erepsin has a strong action upon peptone, 
and he believes that the peptone-splitting action of a pancreas infusion is 
in great part due to the erepsin. The pancreas besides these also contains 
a nuclease (see page 380), whose relationship to pancreas erepsin has not 
been determined. 

The iinhy of trypsin has also been disputed from another point of view. 
According to Pollak the trypsin (in the ordinary sense) contains a second 
enzyme, which does not act upon protein but only upon gelatine, and he 
calls this enzyme glutinase. This glutinase is much more resistant towards 
acids than trypsin, and by proper treatment with acids Pollak^ was able 
to change a pancreas infusion so that it acted upon gelatine and not upon . 
certain proteins. The correctness of these statements has, indeed, not 

^Bayliss, Arch, des scienc. biolog. de St. P^tersbourg, 11, SuppL; Vernon, Joum, 

* Bayliss and Starling, Jonrn. of Physiol., SO; Vernon, ibid,, SO. . . ’ . 

* liofmeister^s Beitriige, 0. Contradictory statements may be found Tp; Eliren- 
Teich, cited in Biochem. CentralbL; 4, 
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been generally accepted; nevertheless, we have here a warning to be care* 
fill as to the conclusions drawn from results where impure infusions are 
used. For many experiments it is undoubtedly advisable to use the natural 
pancreatic juice. 

As in recent times the unity of trypsin has been in doubt, the following 
statements apply only to the enzyme which we have been in the habit of 
„ calling trypsin.' ■ ' ' ' ' 

The action of trypsin on proteins is best demonstrated by the use of 
fibrin. Very considerable quantities of this protein body are dissolved 
by a small amount of trypsin at 37-40° C. It is always necessary to make 
a control test with fibrin alone, with or without the addition of alkali. 
Fibrin is dissolved by trypsin without any putrefaction; the liquid has a 
pleasant odor somewhat like bouillon. To completely exclude putrefac- 
tion a little tinmiol, chloroform, or toluene should be added to the,|liquid. 
Tryptic digestion differs essentially from pepsin digestion, irrespective of 
the difference in the digestive products, in that the first takes place 
in neutral or alkaline reaction and not, as is necessary for peptic digestion, 
in an acidity of 1-2 p. m. HCl, and further by the fact that the proteins 
dissolve in trypsin digestion without previously swelling up. 

As trypsin not only dissolves proteids, but also other protein substances 
such as gelatine, this latter body may be used in detecting trypsin. The 
liquefaction of strongly disinfected gelatine is, according to Fermi, ^ a 
very delicate test for trypsin or tryptic enzymes. Various suggestions for 
the use of gelatine in the trypsin test have been made, but in considera- 
tion of the above statements of Pollak in regard to glutinase it is prob- 
ably best for the present to discard the use of gelatine in detecting tr}'’psin. 

For the quantitative estimation of trypsin by measuring the rapidity of 
digestion we generally make use of the method of Mett, described under pepsin 
digestion. Another method, suggested by Weiss, consists in determining the 
nitrogen in the filtrate after coagulation with heat and acetic acid. Lohlein 
recommends the titration method of Volhard as used in pepsin determinations, 
and has given directions for its use. ^ 

Many circumstances exert a marked influence on the rapidity of the 
trypsin digestion. With an increase in the quantity of enzyme present the 
digestion is hastened, at least to a certain point. According to Pawxow’' and 
, his school, the rule of Schutz-Borissow is perfectly applicable to tr\^psin, 
and the amount digested is proportional to the square root of the quantity of 
ferment. Based upon the investigations of Bayliss, Hedin, and Lohlein/^ 
this assumption does not seem to have suifficient foundation, and further 

, ^ Weiss, Zeitschr. f. physiol. Chem., 40; Lohlein, Hofmeister's Beitrage, 7. 

®Pawlow, Die Arbeit der Yerdauungsdrusen, Wiesbaden, 1898, p. 33; Bayliss, 
Arch, des scienc. biolog. de Bt. F6ter^bourg, 11, SuppL; Hedin, Journ. of Physiol., 
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experiments in this direction are Yery desirable, as so far experimenters have 
worked with, pancreas infusions or commercial trypsin preparations, which 
are, generally impure mixtures of enzymes. Tryptic, digestion is also ,acceler- 
ated b}^ an increase of temperature j at least to about 40^ C., at which tem- 
perature the protein is very rapidly dissolved by the tiypsin. The reaction 
is also of the greatest importance. Trypsin acts energetically in neutral, 
or still better in alkaline, solutions, and best in an alkalinity of 3-4 p. m. 
Na 2 C 03 ; but the nature of the protein is also of importance. The action 
of the alkali depends upon the number of hydroxyl ions (Dietzs, Kanitz), 
and according to Kanitz^ the digestion proceeds best in those solutions 
which are 1/70-1/200 normal in regard to hydroxyl ions. Free mineral 
acids, even in very small quantities, completely prevent the digestion. If the 
acid is not actually free, but combined with protein bodies, then the diges- 
tion may take place quickly when the acid combination is not in too great 
excess (Chittenden and Cummins). Organic acids act less disturbingly, 
and in the presence of 0.2 p. m. lactic acid and the simultaneous pres- 
ence of bile and common salt the digestion may indeed proceed more quickly 
than in a faintly alkaline liquid (Lindbeeger). The statement of Rach- 
FORD and Southgate, that the bile can prevent the injurious action of 
the hydrochloric acid, and that a mixture of pancreatic juice, bile, and 
hydrochloric acid digests better than a neutral pancreatic juice, could 
not be substantiated by Chittenden and Albro. That bile has an action 
tending to aid the tryptic digestion has been shown by many investigators 
and recently by Bruno, Zuntz and Ussow ^ 

Carbon dioxide, according to Schierbeck,^ has a retarding action in 
acid solutions, but it accelerates the tryptic digestion in faintly alkaline 
liquids. Foreign bodies^ such as borax and potassium cyanide, may pro- 
mote tryptic digestion, while other bodies, such as salts of mercury, iron, 
and others (Chittenden and Cummins), or salicylic acid in large quan- 
tities, may have a preventive action. According to Weiss ^ the halogen 
alkali salts disturb tryptic digestion only slightly, and NaCl seems to have 
the strongest action. The sulphates have a much stronger retarding action 
than the chlorides. Borax had no influence, while sodium phosphate, on 
the contrary, had a strong accelerating action. The nature of the proteins 
is also of importance. Unboiled fibrin is, relatively to most other proteins, 


^ Kanitz, Zeitsclir. f. physiol. Chem., 37, who also cites Dietze. 

^ Chittenden and Cummins, Studies from the Physiol. Chem. Laboratory of Yale 
College, New Haven, 1885, 1, 100; Lindberger, Malyhs Jahresber., 18; Rachford and 
Southgate, Medical Record, 1895; Chittenden and Albro, Amer, Journ: of Physiol, 1, . 
1898; Rachford, Journ. of Physiol, Bruno, 1. e.;; Zuntz and XJssow, Arch. f. (Anat 
u.) Physiol, 1900. 

® Skand. Arch. f. Physiol, 3. 
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dissolved so very quickly that the digestion' test with raw fibrin gives an 
incorrect idea of the power of trypsin to dissolve coagulated protein bodies 
in general. Boiled fibrin is digested with much greater difficulty and 
requires also a higher alkalinity: 8 p. m. Na 2 C 03 (Vernon ^). The resist- 
ance of certain native protein solutions, such as blood-serum and egg-white, 
against the action of trypsin is remarkable; a behavior which can be 
explained by the occurrence of antitrypsin in these solutions. An accumu- 
lation of the products of digestion tends to hinder the trypsin digestion. • 

The Products of the Tryptic Digestion, In the digestion of unboiled 
fibrin a globulin which coagulates at 55-60° C. may be obtained as an 
intermediate product (Herrmann 2). Besides'this one obtains from fibrin, 
as well as from other proteins, the products previously mentioned in Chapter 
II. In trypsin digestion the cleavage may proceed so far that the mix- 


ture fails to give the biuret reaction. This does not indicate, as E. Fischer 
and Abdeehalden have shown, a complete cleavage of the protein mole- 
cule into mono- and diamino-acids, etc. In tryptic digestion, as shovm by 
Abdeehalden and Reinbold, s using the protein edestin, a gradual cleavage 
of the protein takes place, and thereby certain amino-acids, like tyrosine and 
tryptophane, are readily and completely split off, while others, like leucine, 
alanine, aspartic, acid, and glutamic acid, are slowly and less readily split 
off, and others, such as a-proline, phenylalanine, and glycocoll, stubbornly 
resist the cleavage action of the trypsin. The polypeptide-like bodies dis- 
covered by Fischer and Abdeehalden, Which are produced in digestion, 
and which do not give the biuret reaction, are the atomic complexes which 
resist the action of trypsin. These polypeptides contain the pyrrolidine 
carboxylic acid and phenylalanine groups of the protein, but also yield 
other monamino-acids such a's leucine, alanine, glutamic acid, and aspartic 
acid. In tryptic digestion no more nitrogen is split off as ammonia than 
on hydrolysis with acids (Mochizuki), which is a difference between tiypsin 
and the autolytic enzymes. Among the above-mentioned products we find 
on the autodigestion of the gland other substances, such as oxyphenyl- 
ethylamine (Emerson), which is produced from tyrosine by fermentive CO 2 
cleavage; also uracil (Levene), guanidine (Kutschee and Otori), the 
purine bases, which originate from, the nuclein bodies, and choline, wbich 
latter is formed from lecithin (Kutschee and Lohmann ^). If putrefaction 
" is not completely prevented, still other bodies occur which -will be con- 
sidered later in connection with the putrefactive processes in the intestine. 


^ Joum. of Physiol., 28. 

2 Zeitschr. f. physiol. Chem,, 11., 

® Zeitsclir. f. physiol. Chem., 44 and 46. See also Chapter II. 

^ Fischer and Abderhalden, Zeitschr. f. physiol. Chem., S9; Mochizuki, Hofmeister^s 
Beitrage, 1; Emerson, ihid.j 1; Levene, Zeitschr. f. physiol. Chem., S7; Kutseher and 


3U>hmaim, ibid,j Kutseher and and Centralbl f. Physiol*, 18. 
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The Action of Trypsin upon other Bodies, The nucleoproteids and nucleins 
arc so digested that tiic proteid complex is’ separated from the nucleic 
acid and then digested. The nucleic acids maj; ncYertheless, be somewhat 
changed (Aiiaki),, which is probably brought about by another enzyme, 
the nuclease (Sachs). A cleavage of nucleic acids wdth the setting free of 
phosphoric acid and purine bases is, according to Iwanoff^ not brought 
about by trypsin. This splitting is first produced b}^ the action of nuclease 
or erepsin (see page 3S0). Gelatine is dissolved and digested by pancreatic 
juice. A cleavage with the separation of glycocoli and leucine does not 
occur (Kuhnh and Ewald), or only to a trivial extent (Reich-Heuzberge^). 

The gelatine-forming substance of the connective tissues is not directly 
dissolved by trypsin, but only after it has been treated with acids or soaked 
in water at 70° C. By the action of trypsin on hyaline cartilage the cells ; 

dissolve, leaving the nucleus. The matrix is softened and shows an indis- 
tinctly constructed network of collagenous substance (Kuhne and Ewald). 

The elastic substance, the structureless membranes, and the membrane of the 
fat-cells, are also dissolved. Parenchymatous organs, such as the liver and 
the muscles, are dissolved all but the nuclei, connective tissue, fat-cor- 
puscles, and the remainder of the nervous tissue. If the muscles are boiled, 
then the connective tissue is also dissolved. Mucin is dissolved and split 
by trypsin, while chitin and horn substance do not seem to be acted upon ■ 
by the enzyme. Oxyhmmoglobin is decomposed by trypsin with the split- 
ting off of hsematin. Trypsin has no action upon fats and carbohydrates, 

We have the investigations of Gulewitsch, Gonneeiviann, Schwaez- 
scHiLD,^ E. Fischee and Beegell, and Abdeehalden ^ upon the action of 
trypsin on simply constructed substances of known constitution, such as 
acid amides and several others that give the biuret reaction. An undoubted ' 

cleavage on Cuetius's biuret base was first observed by Schwaezschild. 

The investigations of Fischee and his co-workers are much more complete . [ 

and important. From these it is shown that the pancreatic juice splits a 
large number of peptides, as well as di- and tri- or tetrapeptides, wdiile 
it is without action upon a large number of others. The structure 
of these plays an important r6le, as, for example, alanyi-giycine, i 

CH 3 .CH(NH 2 ).C 0 .NH.CH 2 .C 00 H, is split, while its isomere glycyhalanine, \ 

NH2EH2.C0.NH.GH(CH3).C00H, is, on the contrary, not split. The 1 

nature of the amino-acids existing in the peptide is also of importance- | 

1 Iv/anoff, Zeitschr. f. physiol. Chem., 39, which also contains the literature; Sachs, 1 

2 Iviihne and Ewald, Verh. d. naturh.-med. Vereins zu Heidelberg (N. F.), 1; Reich- | 

Herzberge, Zeitschr. f. physiol. Chem., 34. . .. , j 

* Hofmeister's Beitrage, 4, where the other works are also cited. , • ; . : \ 

■* Fischer and Bergell, Ber, d. d. chem, Gesellsch., 36 and 37; Fischer and Abder- [ 

halden, Sitzungsber. der Kgl Pr._Akad.d. 'Wissensch., Berlin, 1905, 'A ; v' ' : 
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Those dipeptides which contain alanine as ac}d — for example, alanyl- 
giycinej alanyl-alanine; and alanyl-leucine A — are readily hydroiyzed^, while 
several dipeptides in vrhich a:-aminobutyric acid or leucine functionates as 
acyl are very resistant. The number of amino-acid groups is also of 
importance^ as, for example, triglycyl-glycine is not split, while tetraglycyl- 
glycine is. In those peptides which are racemic bodies the hydrolysis takes 
place asymmetrically, so that only one half of the racemic body is attacked, 
and those active amino-acids result as products which are contained in the 
natural protein bodies. This hydrolysis of various polypeptides by means 
of pancreatic juice is of especially great interest from several points of 
view. 

Pancreatic rennin is an enzyme found in the gland and in the Juice which coagu- 
lates neutral or alkaline milk (Kuhne and Roberts and others). This enzyme is 
not identical with trypsin, and the optimimi of its action lies according to Vernon 
between 60® and 65®. According to Halliburton and Brodie ^ casein is con- 
verted by the pancreatic juice of the dog into pancreatic casein,^' a sub- 
stance which, in regard to solubiiitj^ stands to a certain extent between casein 
and paracasein (see Chapter XIV), and which is converted into paracasein by 
rennin. Further investigations on the action of this enzyme upon milk and 
especially upon pure casein solutions are very desirable 

The property of pancreatic juice of giving plastein precipitates is just as 
inexplicable as in the case of the gastric juice and other enzyme solutions. ' 

Pancreatic Calculi. The concrement from a cystic enlargement of W irsung^s 
duct in a man, as analyzed by Baldoni,^ contained in 1000 parts as follows: 
Water 34.4, ash 126.7, protein substances 34.9, free fatty acids 133, neutral fats 
124, cholesterin 70.9, soaps and pigment 499.1, parts. 

Besides the enzymes which have been discussed in connection with the 
pancreatic juice, the gland also contains others, among wiiich can be men- 
tioned the enzyme which, according to Stoklasa and his collaborators, 
occurs chiefly in organs and tissues and which decomposes sugar into alcohol 
and carbon dioxide, like zymase. According to Simacek,^ in the pancreas 
the glycolysis by means of alcoholic fermentation, and the hydrolysis of 
the disaccharides, are united together as a specific action, and he has 
obtained precipitates from cell-free press-fluid wdth alcohol and ether 
which brought on both actions without bacterial action. The statements 
as to the importance of the pancreas for glycolysis are very contradictory, 
and we therefore refer the reader to what has been previously stated on 
this subject in Chapter VIII, pages 302 and 303. 


^ Kiihne and Roberts, Malyhs Jahresber., 9; see also Edkins, Joum. of Physiol. , 12 
(iiteratiire references); Halliburton and Brodie, 20; Vernon, ibid,, 27. 

^ Stoklasa, see foot-note 1, p. 303; Simacek, CentraibL f. PhysioL, 17. 
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^V. Tlie Chemical Processes In the Intestine* 

The action which belongs to each digestive secretion may be essen- 
tially changed under certain conditions by being mixed with other digestive 
fluids for various reasons, and also by the action of the enzymes upon each 
other; ^ and since the digestive fluids which flow into the intestine are 
mixed with still another fluid, the bile, it will be readily understood that 
the combined action of all these fluids in the intestine makes the chemical 
processes going on therein very complicated. 

As the acid of the gastric juice acts destructively on ptyalin, this enzyme 
has no further diastatic action, even after the acid of the gastric juice has 
been neutralized in the intestine. The bile has, at least in certain animals,, 
a slight diastatic action, which in itself can hardly be of any great impor- 
tance, but which shows that the bile has not a preventive but rather a 
beneficial influence on the energetic diastatic action of the pancreatic 
juice. Maetin, Williams, Pawlow, and Bruno ^ have observed a 
beneficial action of the bile on the diastatic action of the pancreas infusion. 
To this may be added that the organized ferments which occur habitually 
in the intestine and sometimes in the food have partl}^ a diastatic action 
and partly produce a lactic-acid and but3a’ic-acid fermentation. The 
maltose, which is formed from the starch, seems to be converted into dextrose 
in the intestine. Cane-sugar is inverted in the intestine, and, at least 
in certain animals, also lactose.^ There does not seem to be any doubt 
that cellulose, especially the fine and tender varieties, is in part dissolved 
in the intestine; still the products formed thereby are not well known. 
That cellulose undergoes a fermentation in the intestine b}^ the action of 
micro-organisms, producing marsh-gas, acetic acid, and butyric acid, has 
been especially shown by Tappeiner; still it is not knoyii to what extent 
the cellulose is destroyed in this way.^ The extensive experiments of 
Ellenberger and his collaborators, and especially the observations of 
ScHEUNERT upon the digestion of cellulose, are very important. Scheu- 
NERT ^ finds that the alkaline contents of the csecum of the horse, pig, and 


^ See Wroblewski and collaborators, Hofmeister^s Beitrage, 1. 

^ Martin and Williams, Proceed, of Roy. Soc., 45 and 48; Bruno, foot-note 1, 
p. 35;9. 

2 See foot-note 2, p. 379. 

^ On the digestion of cellulose see Henneberg and Stolimann, Zeitschr. f. Biologies 
21, 613; V. Knieriem, ibid., 67; Hofmeister, Arch. f. wiss, u. prakt. Thierheiikunde, 
11; Weiske, Zeitschr. f. Biologie, 2% 373; Tappeiner, ibid., 20 and 24; Mallevre/ 
Pfliiger's Arch., 49; Omeliansky, Arch. d. scienc. bioL de St. P4tersbourg, 7; E, Muller, 
Pfliiger^s Arch., 83; Lohrisch, Zeitschr. f. physiol. Chem., 47 (literature). 

5 Ellenberger, Arch. f. (Anat, u.). Physiol, 1906; Scheunert, Zeitschr, f, physiol 
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rabbit have the power of dissolving cellulose to a considerable extent. ’ This 
power increases as the abundance of micro-organisms increases and vice' 
versa; but even in the complete absence of these organisms considerable 
quantities of cellulose are dissolved. The secretion or the extract of the 
esecal mucosa or the c^cal glands does not contain a cellulose-dissolving 
enzyme, and the solution of cellulose in the caecum seems therefore to be 
entirely connected with the micro-organisms or their products. 

The bile haS; as shown by Moore and Eockwood ^ and then especially 
by Pfluger, the property to a high degree of dissolving fatty acids, espe- 
cially oleic acid, which itself is a solvent for other fatty acids, and hence, 
as -will be seen later, it is of great importance in the absorption of fat. It 
is also of great importance that the bile, as previously stated, not only 
activates the steapsinogen, but that, as first shown by Nencki and Rach- 
ford,2 it accelerates the fat-splitting action of the steapsin. According 
to V. Forth and Schutz ^ the bile-salts are the active constituents of the 
bile in this cleavage, and the fatty acids set free can combine with the alkalies 
of the intestinal and pancreatic Juices and the bile, producing soaps which 
are of great importance in the emulsification of the fats. 

If to a soda solution of about 1-3 p. m. Na^COs is added pure, perfectly 
neutral olive-oil in not too large quantity, a transient emulsion is obtained 
after vigorous shaking. If, on the contrary, one adds to the same quantity 
of soda solution an equal amount of commercial olive-oil (which always 
contains free fatty acids), the vessel need only be turned over for the two 
liquids to mix, and immediately there appears a very finely divided and per- 
manent emulsion, making the liquid appear like milk. The free fatty acids 
of the commercial oil, which is always somewhat rancid, combine with the 
alkali to form soaps which act to emulsify the fats (Brucke, Gad, Loewex- 
THAL ^). This emulsifying action of the fatty acids split off by the pan- 
creatic juice is undoubtedly assisted by the habitual occurrence of free fatty 
acids in the food, as well as by the splitting off of fatty acids from the 
neutral fats in the stomach (see page 363). 

Bile completely prevents peptic zymolysis in artificial digestion, because 
it retards the swelling up of the proteins. The passage of bile into the 
stomach during digestion, on the contrary, seems, according to several 
investigators, especially Oddi and Dastre,^ to have no disturbing action 
on gastric digestion. According to Boldireff,^ in continuous stanmtion, 

^ Proceedings of Eoy. Soc., 60, and Jonm. of Physiol., 21, In regard to Pfiliger^s 
work see Absorption. 

, ^ Nencki, Arch, f, exp. Path. n. Pharm., 20; Eachford, Journal of Physiol, 12. 

^Centralbl f. Physiol, 20. 

*Briicke, Wien. Sitzungsber., 61, Abt. 2; Gad, Arch. f. (Anat. u.) Physiol, 1878; 
Loewenthal, ihid.^ 1897. 

® Oddi, in Centralbl f.. Physiol, 312.; Dastre, Arch, de Physiol (5), 2, 316. 

«€entralblf.Physi4;18,457.^^ v . . , / ^ 
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on feeding fat and food rich in fat, as well as after large amounts of acid, 
a mixture of bile, pancreatic juice, and intestinal juice passes readily into the 
stomach. After food rich in fat, /which retards the secretion of gastric 
Juice and the motility of the stomach, a digestion due to this alkaline 
. mixture may take place in the stomach. 

Bile itself has no solvent action on proteins in neutral or alkaline reaction, 
but still it may exert an influence on protein digestion in the intestine. The 
acid contents of the stomach, containing an abundance of proteins, give 
with the bile a precipitate of proteins and bile-acids. This precipitate 
carries a part of the pepsin with it, and for this reason, and also on account 
I of the partial or complete neutralization of the acid of the gastric juice 

j by the alkali of the bile and the pancreatic juice, the pepsin digestion cannot 

' proceed further in the intestine. On the contrary, the bile does not disturb 

I the digestion of proteins by the pancreatic juice in the intestine. The 

action of these digestive secretions, as above stated, is not disturbed by 
the bile, not even by the faintly acid reaction due to organic acids; but, 
on the contrary, the action of trypsin is accelerated by the bile. In a dog 
killed while digestion is going on, the faintly acid, bile-containing material 
of the intestine shows regularly a strong digestive action on proteins. 

The precipitate formed on the meeting of the acid contents of the 
stomach with the bile easily redissolves in an excess of bile and also in the 
NaCl formed in the neutralization of the hydrochloric acid of the gastric 
juice. This may take place even under faintly acid reaction. Since in 
man the excretory ducts of the bile and the pancreatic juice open near one 
another, in consequence of which the acid contents of the stomach are 
probably immediately in great part neutralized by the bile as soon as it 
enters, it is doubtful whether a precipitation of proteins by the bile occurs 
in the intestine. 

Besides the previously mentioned processes caused by enzymes, there 
are others of a different nature going on in the intestine, namely, the fer- 
mentation and putrefaction -processes caused by micro-organisms. These 
are less intense in the upper parts of the intestine, but increase in intensity 
towards the lower part of the same, and decrease in the large intestine 
because of the consumption of fermentable material and by the removal 
of water by absorption. Fermentation processes, but only very slight 
putrefaction, occur in the small intestine of man. Macpadyen; M. 
Nencki, and N. Siebee ^ have investigated a case of human anus prseter- 
; naturalis, in which the fistula occurred at the lower end of the ileum, and 

they were able to investigate the contents of the intestine after it had been 
exposed to the action of the mucous membrane of the entire small intestine. 
The mass was yellow or yellowish brown, due to bilirubin, and had an acid 

^ Arch. L exp. Path. u. Pham., 28. . . - 
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' ' : on a mixed but .chiefly- animal diet, calculated, as acetic , 

■ acid, amounted to 1 p. m. - The contents were nearly odorless, having an 
empyreiimatic odor recalling that of volatile fatty acids, and only seldom 
hacl a putrid odor resembling that of indoL The essential acid present was 
acetic acid^ accompanied by fermentation lactic acid and paralactic acid, 
.fatty' acids, 'succinic acid, and bile-acids. Co.agulable, proteins,.^ 
peptone, mucin, dextrin, dextrose, and alcohol were present. Leucine 
and tyrosine could not be detected. 

According to the above-mentioned investigators, the proteins are only 
to a very slight extent, if at all, decomposed by the microbes in the small 
intestine of man. The organisms present in the small intestine preferably 
decompose the carbohydrates, forming ethyl alcohol and the above-men- 
tioned organic acids. 

Further investigations of Jakowsky and of Ad. Schmidt ^ led to the 
same result, namely, that in man the putrefaction of the proteins takes 
place chiefly in the large intestine, and the conditions are the same in car- 
nivora. In these latter it has been possible to follow the intestinal diges- 
tion by investigating the contents of the various parts of the intestine as 
well as by forming fistulas. London and Sulima produced fistulas in dif- 
ferent dogs in the duodenum, jejunum, and ileum, and could follow' the 
digestion of boiled egg-white. A complete destruction of the same took 
place, so that 99.7 per cent of the protein was dissolved and flowed out of 
' the fistula at the ileum (2-3 cm. in front of the caecum). The intestinal 
contents gave the biuret reaction very faintly, and the dissolved substance 
seemed to have been transformed into end-products. Maetzke,^ who 
carried on his investigations on a dog with a fistula at the low^er end of the 
. ileum, on feeding meat never found a putrid orf^cal odor to the intestinal 
contents. The digestion and absorption of the meat as well as of the carbo- 
hydrate was also nearly complete. Leucine and tyrosine were looked for 
but not found, and the absence of these bodies was explained by the fact 
that they were absorbed. 

Because of the absorption it is also difficult to state the extent of de- 
struction of the proteins in the intestine. Several experimenters w^ho have 
investigated the intestinal contents of dogs during the digestion of meat 
have detected amino-acids such as leucine, tyrosine, lysine, and arginine 
(Kutscher and Seemann), glutamic and aspartic acids, alanine (London), 
and polypeptides not giving the biuret reaction (Abderhalden s). 

^ Jakowsky, Arch, des scienc. biol. de St. P^tersbourg, 1 ; Ad. Schmidt, Arch. f. 
VerdauuBgskr., 4. 

2 London and Sulima, Zeitschr. f. physiol. Ohem., 46; Maetzke, Beobaohtungen 
an Himden mit Anus prssternaturalis, Inaug.-Dissert. Breslau, 1905, 

^Kutscher and Seemann, Zeitschr. f. physiol. Chem., 34; Abderhalden, 44; 
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The digestion and absorption of proteins in the stomach and small 
intestine may be nearly complete, but this is not always so. In experi- 
ments with raw egg-white London and Sulim a reobtained about 73 per 
eent of the coagulabie protein from the ileum fistula, and in the entire 
intestine from the pylorus to the csecum only about 12 per cent of the 
food substance was absorbed. Also in milk-feeding a considerable part 
of the protein passes into the large intestine (BEELATZKid). 

As above remarked, ordinarily no putrefaction takes place in the 
small intestine but occui*s generally only in the large intestine. This 
putrefaction of the proteins is not the same as the pancreatic digestion. 
In putrefaction the decomposition goes much further and a mixture of 
products is obtained which have become known through the labors of 
numerous investigators, especially Nencki, Baumann, Beiegee, H. and 
E. Salkow^ski, and their pupils. The products wiiich are formed in the 
putrefaction of proteins are (in addition to proteoses^ peptones^ ammo-acids ^ 
and ammonia) indol, skatol, paracresol, phenol, phenylpropionic acid, and 
phenylacetic acid, also paraoxyphenylacetic acid and hydroparacumaric 
acid (besides paracresol, produced in the putrefaction of tyrosine), volatile 
fatty acids, carbon dioxide, hydrogen, marsh-gas, methyhnercaptan, and 
sulphuretted hydrogen. In the putrefaction of gelatine neither tyrosine 
nor indol is formed, wdiile glycocoll is produced instead. 

Among these products of decomposition a fe\v are of special interest 
because of their behavior within the organism and because after their 
absorption they pass into the urine. A few, such as the oxyacids, pass 
unchanged into the urine. Others, such as phenols, are directly trans- 
formed into ethereal sulphuric acids by synthesis, and are eliminated as 
such by the urine; on the contrary, others, such as indol and skatol, are 
onh^ converted into ethereal sulphuric acids after oxidation (for details see 
Chapter XV). The quantity of these bodies in the urine varies also with 
the extent of the putrefactive processes in the intestine; at least this is 
true for the ethereal sulphuric acids. Their quantity increases in the urine 
with a stronger putrefaction, and the reverse takes place, namely, a disap- 
pearance from the urine, or a great reduction in quantity, as Baumann, 
Harley and Goodbody^ have shown by experiments on dogs, when the 
intestine wns disinfected by various agents. 

Among the above-mentioned putrefactive products in the intestine the 
two following, indol and skatol, should be especially noted. 


^ Bee Biochem. Centralbl., 2. • 

^Baumaim, Zeitschr. f. physiol. Chem., 10; Harley and Goodbody, Brit. Med. 
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Indol, CgH7N=C6H4 CH, and Skatol, or methyl-indol, 

\ / 

NH 

C.CH3 

\cH ^ are two bodies which stand in close relationship 


:C9H9N=C6H4 


\ / 
NH 


to the indigo substances and are formed in variable quantities from pro- 
tein compounds under different conditions. Hence they occur habitually 
in the human intestinal canal, and, after oxidation into indoxyl and skat- 
oxyl respectively, pass, at least partly, into the urine as the corresponding 
ethereal sulphuric acids and also as glucuronic acids. 

These two bodies have been prepared synthetically in many ways. 
Both may be obtained from indigo by reducing it with tin and hydro- 
chloric acid and heating this reduction product with zinc-dust (Baeyer 
Indol may be formed from skatol by passing it through a red-hot tube. 
Indol suspended in water is in part oxidized into indigo-blue by ozone 
(Nencki 2). 

Indol and skatol crystallize in shining leaves, and their melting-points 
are 52^ and 95^ C. respectively. Indol has a peculiar excrementitious 
odor, while skatol has an intense fetid odor (skatol obtained from indigo is 
odorless). Both bodies are easily volatilized by steam, skatol more easily 
than indol. They may both be removed from the watery distillate by 
ether. Skatol is the more insoluble of the t-wo in boiling water. Both are 
easily soluble in alcohol and give with picric acid a compound cr3^s- 
tallizing in red needles. If a mixture of the two picrates be distilled with 
ammonia, they both pass over without decomposition; while if they are 
distilled with caustic soda, the indol but not the skatol is decomposed. 
The watery solution of indol gives with fuming nitric acid a red liquid and 
then a red precipitate of nitroso-indol nitrate (Nencki). It is better first 
to add two or three drops of nitric acid and then a 2 per cent solution of 
potassium nitrite, drop by drop (Salkowski^). Skatol does not give this 
reaction. An alcoholic solution of indol treated with hydrochloric acid 
colors a pine chip cherry-red. Skatol does not give this reaction. Indol 
gives a deep reddish-violet color with sodium nitroprusside and alkali 
(Legal^s reaction). On acidifying with hydrochloric acid or acetic acid 

^ AnnaL d. Chem. u. Pharm., 140 , and Suppl., 7, 56; also Ber. d. deutscli. ehem. 

^ Ber. d. deutsch. chem. Gesellsck, 8, 727, and 722 and 1517. 

® Zeitschr. i physiol;:;‘€hem._^.S>;-447. , Tn regard .to newer reactions for mdol and 
skatol, see Steensma, 47, \ ^ ‘ . 
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the color becomes pure blue. . Skatol does not act the same. The alkaline 
solution is yellow and becomes violet on acidifying with acetic acid and 
boiling. Skatol dissolves in concentrated hydrochloric acid with a violet 
coloration. On warming skatol with sulphuric acid a beautiful purpie-red 
coloration is obtained (Ciamician and Magnanini i). 

For the detection of indol and skatol in, and their preparation from, 
excrement and putrefying mixtures, the main points of the usual method 
are as follovrs: The mixture is distilled after acidifying -with acetic acid; 
the distillate is then treated with alkali (to combine with any phenols 
which may be present) and again distilled. From this second distillate the 
two bodies, after the addition of hydrochloric acid, are precipitated by 
picric acid. The picrate precipitate is then distilled with ammonia. The 
two bodies are obtained from the distillate by repeated shaking with ether 
and evaporation of the several ethereal extracts. The residue, containing 
indol and skatol, is dissolved in a very small quantity of absolute alcohol 
and treated with 8-10 vols. of water. Skatol is precipitated, but not the 
indol. The fmiher treatment necessary for their separation and purifica- 
tion will be found in other works.^ 

The gases which are produced by the decomposition processes are mixed 
in the intestinal tract with the atmospheric air sw'allowed with the saliva, 
and food, and as the gas developed in the decomposition of different foods 
varies, so the mixture of gases after various foods should have a dissimilar 
composition. This is found to be true. Oxygen is found only in very faint 
traces in the intestine; this may be accounted for in part by the formation 
of reducing substances in the fermentation processes which combine with 
the oxygen, and partly, perhaps chiefly, to a diffusion of the oxygen through 
the tissues of the walls of the intestine. To show’ that these processes take 
place mainly in the stomach the reader is referred to page 372, on the 
composition of the gases of the stomach. Nitrogen is habitually found in 
the intestine, and it is probably due chiefly to the swallowed air. The 
carbon dioxide originates partly from the contents of the stomach, partly 
from the putrefaction of the proteins, partly from the lactic-acid and 
butyric-acid fermentation of carbohydrates, and partly from the setting 
free of carbon dioxide from* the alkali carbonates of the pancreatic and 
intestinal juices by their neutralization through the hydrochloric acid of 
the gastric juice and by organic acids formed in the fermentation. Hydro- 
gen occurs ip largest quantities after a milk diet, and in smallest quantities 
after a purely meat diet., This gas seems to be formed chiefly in the 
butyric-acid fermentation of carbohydrates, although it may occur in 
large quantities in the putrefaction of proteins under certain circumstances. 


^ Ber. cL d. cliem. Gesellsch., 21, 1928. . / 

® For quantitative, colorimetric determinations of indol in fseces, see Einhorn and 
Huebner, Salkowski^s Festschrift, Berlin, 1904, , 
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There is no doubt that the methylmercaptan a^nd sulphuretted hydrogen 
which occur normally in the intestine originate from the proteins. The 
vmrsh-gas undoubtedly originates in the 2:>ut refaction of proteins. As 
proof of this Ruge ^ found 26.45 per cent marsh-gas in the human intestine 
after a meat diet. He found a still greater quantity of this gas after a 
vegetable (leguminous) diet; this coincides with the observation that 
marsh-gas may be produced by a fermentation of carbohydrates, but 
especially of cellulose (Tappeinee ^). Such an origin of marsh-gas, especially 
in her])ivora, is to be expected. A small part of the marsh-gas and carbon 
dioxide may also arise from the decomposition of lecithin (Hasebeoek^). 

Putrefaction in the intestine not only depends upon the composition of 
the food, but also upon the albuminous secretions and the bile. Among 
the constituents of bile which are changed or decomposed there are not only 
the pigments — the bilirubin yields urobilin and a brown pigment — but 
also the bile-acids, especially taurocholic acid. Glycocholic acid is more 
stable, and a part is found unchanged in the excrement of certain animals, 
while taurocholic acid is so completely decomposed that it is entirely 
absent in the faeces. In the foetus, on the contrary, in whose intestinal 
tract no putrefaction processes occur, undecomposed biie-acids and bile- 
pigments are found in the contents of the intestine. The transformation 
of bilirubin into urobilin does not occur, as |)revioiisly stated, in man in 
the small but in the large intestine. 

As under normal conditions no putrefaction, or at least none worth 
mentioning, occurs in the small intestine, and as often nearly all the pro- 
tein of the food is absorbed, it follows that ordinarily it is the secretions 
and cells rich in protein which undergo putrefaction. That the secretions 
rich in proteins are destroyed in putrefaction in the intestine follows from 
the fact that putrefaction may also continue during complete fasting. 
From the observations of Muller^ upon Cetti it was found that the 
elimination of indican during starvation rapidl}^ decreased and after the 
third day of starvation it had entirely disappeared, while the phenol elimina- 
tion, which at first decreased so that it was nearly minimum, increased 
again from the fifth day of starvation, and on the eight or ninth day it 
was three to seven times as much as in man under ordinary circumstances. 
In dogs, on the contrary, the elimination of indican during starvation is 
considerable, but the phenol elimination is slight. Among the secretions 
■which undergo putrefaction in the intestine> the pancreatic juice, which 
putrefies most readily, takes first place. 

From the foregoing facts it must be concluded that the products formed 
by the putrefaction in the intestine are in part the same as those formed 

“ " ® Zeitsohr.’ h /physidL. ChemM 1 % . . ; Berim. Hin. Wochenschr., 1887. 
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in digestion. The putrefaction may be of' benefit to the organism in so 
far as the formation of such products as proteoses^ pe^ptones^ and perhaps 
also certain amino-acids is concerned. The question has indeed been 
asked (Pasteue), is digestion possible without micro-organisms? Nuttal 
and Thieefeldee have shown that guinea-pigs removed from the uterus 
of the mother by Csesarian section could with sterile air digest well and 
assimilate sterile food (milk or crackers) in the complete absence of bac- 
teria in the intestine, and developed normally and increased in weight. 
ScHOTTELius^ lias arrived at other results by experiments with hens. 
The chickens, hatched under sterile conditions, kept in sterile rooms and 
fed with sterile food, had continuous hunger and ate abundantly, but 
soon died, in about the same time as a starving chicken. On mixing with 
the food of other chickens, at the proper time, a variety of bacteria from 
hen feces, they gained weight again and recovered. 

The bacterial action in the intestinal canal is, at least in certain cases, 
necessary, and it acts in the interest of the organism. This action may, by 
the formation of further cleavage products, involve a loss of valuable mate- 
rial to the organism, and it is therefore important that putrefaction in the 
intestine be kept within certain limits. If an animal is killed while diges- 
tion in the intestine is going on, the contents of the small intestine give 
out a peculiar but not putrescent odor. Also the odor of the contents of 
the large intestine is far less offensive than a putrefying pancreas infusion 
or a putrefying mixture rich in protein. From this one may conclude that 
putrefaction in the intestine is ordinarily not nearly so intense as outside 
of the organism. 

It seems thus to be provided, under physiological conditions, that 
putrefaction shall not proceed too far, and the factors wdiich here come 
under consideration are probably of different kinds. Absorption is un- 
doubtedly one of the most important of them, and it has been proved by 
actual observation that tlie putrefaction increases, as a rule, as the absorp- 
tion is checked and fluid masses accumulate in the intestine. The character 
of the food also has an unmistakable influence, and it seems as if a large 
quantity of carbohydrates in the food acts against putrefaction (Hiesch- 
LEE^). It has been shown by P5 hl, Bibrnacki, Rovighi, WnsTTEKNm, 
Schmitz, and others ^ that milk and kephir have a specialty strong pre- 
ventive action on putrefaction. - This action is not due to the casein, but 
chiefly to the lactose and also in part' to the lactic acid. 

^ Nuttal and Thierf elder, Zeitschr. f. physiol, Chem., 21 and 22; Sehottelius, Arch 
f. Hygiene, and 42. ■ / \ ' . . : '-j , 

2 Hirschler., Zeitschr. f. physiol. Chem., 10 ,; Zimnitziki, tbid.^ S9 (literature). 

® Schmit25, ibid., 17, 401, which ^yes references to the older literature, and 10. See 
also Salkowski, Centralbl. f. d. med. Wiss,, 1893, 467, and Seelig, Virchow's Arch,. 146 
(literature). 
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A specially strong preventive action on putrefaction has been ascribed 
for a long time to the bile. This anti-putrid action does not exist in neutral 
or faintly alkaline bile, which itself easily putrefies, but to the free biie« 
acids, especially taurocholic acid (Maly and Eiviich, Lindberger^). There 
is no question that the free bile-acids have a strong preventive action on 
putrefaction outside of the organism, and it is therefore difficult to deny 
such an action in the intestine. Notwithstanding this the anti-putrid 
action of the bile in the intestine is not considered by certain investigators 
(VoiT, Rohmaxn, Hirschler and Terra y, Laxdauer and Rosenberg^) 
as of great importance. 

Biliary fistulas have been established so as to study the importance of 
the bile in digestion (Schw.ann, Blondlot, Bidder and Schmidt, ^ and 
others). As a result it has been observed that with fatty foods an imper- 


fect absorption of fat regularly takes place and the excrements contain, 
therefore, an excess of fat and have a light-gray or pale color. The extent 
of deviation from the normal after the operation is essentially dependent 
upon the character of the food. If an animal is fed on meat and fat, then 
the quantity of food must be considerably increased after the operation, 
otherwise the animal will become very thin, and indeed die v/ith symptoms 
of starvation. In these cases the excrements have the odor of carrion, and 
this was considered a proof of the action of the bile in checking putrefac- 
tion. The emaciation and the increased want of food depend, naturally, 
upon the imperfect absorption of the fats, whose high calorific value is 
reduced and must be replaced by the taking up of larger quantities of other 
nutritive bodies. If the quantity of proteins and fats be increased, then 
the latter, which can be only very incompletely absorbed, accumulate 
in the intestine. This accumulation of the fats in the intestine only 
renders the action of the digestive juices on proteins more difficult, 
and thus increases the amount of putrefaction. This explains the ap- 
pearance of fetid faces, whose pale color is not due to a lack of bile- 
pigments, but to a surplus of fat (Rohmann, Yoit). If the animal is, 
on the contrary, fed on meat and, carbohydrates, it may remain quite 
normal, and the leading off of the bile does not cause any increased putre- 
faction. The carbohydrates may be uninterrupedly absorbed in such 
large quantities that they replace theiat of the food, and this is the reason 
why the animal on such a diet, does not become emaciated. As with this 
diet the putrefaction in the intestine is no greater than under normal con- 

* Maly and, Emich, Monatshefte f. Ohem., 4 ; . Lindberger, foot-note 2, p. 393, 

^ Yoit, Beitr. zm Biologie, Jubilaizmschrift,. Stuttgart, 1882; Rohmanii, Pfliiger’^s 
'Arch., 29; Hirschler and Terray-,' Malyhs ’Jahresben, 26; Landauer, Math. u. Naturw. 
Ber, aus Iliigarh, 15; Eosenberg, Arch.f. (Anat.,u.)'PhysioL^490L 

3 Schwann, Muller’s Axah, L Anat. tn Physiol, 1844; Blondlot, cited from Bidder 
and Schmidt, Verdaurtogs^ffce,. etc., 98. .V - . 
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ditions even though the bile is absent, it would seem that the bile in the 
intestine exercises no preventive action on putrefaction. 

To this conclusion the objection may be made that the carbohydrates, 
which are capal^le of checking putrefaction, can, so to speak, iindeitake 
the anthputrid action of the bile. But as there are also cases (in dogs 
with biliary fistula) where the intestinal putrefaction is not increased with 
exclusive meat dietd it is maintained that the absence of bile in the intes- 
tine, even by exclusive carbohydrate food, does not always cause an in- 
creased putrefaction. 

Although the question as to the manner in which the putrefactive 
processes in the intestine under physiological conditions are kept within 
certain limits cannot be answered positively, still it may be asserted that 
the acid reaction of the upper parts of the intestine, and the absorption of 
water in the lower parts, are important factors. 

That the acid reaction in the intestine has a preventive influence on the 
putrefactive processes follows from the existing relation between the degree 
of acidity of the gastric juice and the putrefaction in the intestine. After 
the investigations and observations of ICAst, Stadelmann, Wasbxjtzki, 
Biernacki and Mbster had proved that an increased putrefaction in the 
intestine occurred when the quantity of hydrochloric acid in the gastric 
juice was diminished or deficient, Schmitz ^ has lately shown in man that 
on the administration of hydrochloric acid, producing a hyperacidity of the 
gastric juice, the putrefaction in the intestine may be checked. The ques- 
tion arises whether the reaction in the small intestine is always acid and 
whether the acidity is strong enough to prevent putrefaction. In this 
connection it must be recalled that the acidity of the contents of the small 
intestine is not due to hydrochloric acid, but chiefly to organic acids, acid 
salts, and free carbon dioxide. There are several statements as to the reac- 
tion of the intestinal contents, although they are somewhat contradictory^ 
by Moore and Rockwood, Moore and Bergin, Matthes and Mar- 
qitardsen, I. Mijxiv, Nencki and Zaleski, Hejvuvxeter.^ From these 
statements one can conclude that the reaction may vary not only among 
different animals, but also in the same animals under different conditions. 
There is no doubt that the acid reaction in many cases is due to the presence 
of organic acids. On testing with various indicators it has been shown 
that sometimes the upper parts, and often the low^er parts, are acid, due 
to acid salts such as NaHC 03 and free CO 2 , and finally that in certain 

^ See liirschler and Terray, 1. c. 

2 Zeitschr. f. physiol. Chem., 19, 401, which includes all the pertinent literature. 

^ Moore and Rockwood, Journ. of Physiol, 21; Moore and Bergin, Amer. Joum. 
of Physiol, Matthes and Marquardsen, Malyhs. Jahresber., 28; ?Iiink, Centralbl f. 
Physiol, 16; Nencki and Zaleski, Zeitschr. f. physiol Chem., 27; Hemmeter, PfliUger's 



,408 


DIGESTION. 


animals the intestinal contents are alkaline throughout. The question 
how^ under these conditions, putrefaction is excluded, cannot be explained. 
It is possible, as Bienstock admits, that the explanation lies in an antag- 
onistic bacterial action and that the carbohydrates, especially lactose, 
which retard putrefaction, form a good nutritive media for those bacteria 
which destroy the putrefactive producers or retard their development. 
Perhaps also, according to the experience of Conradi and Kurpjijweit,^ 
the autotoxines produced b}'’ the intestinal bacteria may, by their antiseptic 
action, keep the putrefactive processes in the intestine within bounds. 

Excrements. It is evident that the residue which remains after com- 
plete digestion and absorption in the intestine must be different, both 
qualitatively and quantitative according to the variety and quantity of 
the food. In man the quantity of excrement from a mixed diet is 120-150 
grams, with 30-37 grams of solids, per tw’enty-f our hours, while the quantity 
from a vegetable diet, according to Voit,^ was 333 grams, with 75 grams 
of solids. With a strictly meat diet the excrements are scanty, pitch-like, 
and black. The scanty excrements in starvation have a similar appear- 
ance, A large quantity of coarse bread yields a great amount of light- 
colored excrement. In these cases the fseces are also habitually poorer 
in nitrogen than after food rich in protein. The individuality also plays 
an important role in the utility of the food and the formation of fgeces 
(ScHiERBECK^). If there is a large proportion of fat, it takes a lighter, 
clay-like appearance. The decomposition products of the bile-pigments 
seem to play only a small part in the normal color of the fseces. 

The constituents of the fseces are of different kinds. In the excrements 
are found digestible or absorbable constituents of the food, such as muscle 
fibres, connective tissues, lumps of casein, grains of starch, and fat, which 
have not had sufficient time to be completely digested or absorbed in the 
intestinal tract. In addition the excrements contain indigestible bodies, 
such as the remains of plants, keratin substances, and others; also form- 
elements originating from the mucous coat and the glands; constituents 
of the different secretions, such as mucin, cholic acid, dyslysine, and 
cholesterin (koprosterin or stercorin), purine bases^^ and enzymes; mineral 
bodies of the food and the secretions; and, lastly, products of putrefac- 
tion or of digestion, such as skatol, indol, volatile fatt}^ acids, purine 
bases, lime, and magnesia soaps. Occasionally, also, parasites of different 

^ Bienstock, Arch. f. Hygiene, 39; Conradi and Kurpjuweit, Mimeh. med. Wochen- 

^ Zeitschr. f. Biologie, 264. 

* In regard to the purine bases in fseces, see Hail, Journ. of Path, and Bacteriol, 9; 
Sehittenhelm, Arch. f. klin, Med., 81; Schittenhelm and Kruger, Zeitschr. f. physiol. 
Ghem.> 45. 
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kinds occur; and ■ lastly, the excrements contain micro-organisms of various 
species. '/ . . 

That the mucous membrane of the intestine by its secretion and' by 
the abundant quantity of detached epithelium contributes essentially to 
the formation of excrement follows from the discovery first made by 
L.', Hermann; and substantiated by others^ that 'a' clean,; isolated loop' of 
intestine collects material similar to fmces. Human faeces seem to^ consist, 
in greater part of intestinal secretion and only in a smaller part' of residue 
from food on a meat or milk diet. Many foods produce a large quantity 
of faeces chiefly by causing an abundant secretion.^ 

The reaction of the excrements is very variable, but in man with a 
mixed diet it is neutral or faintly alkaline. It is often acid in the inner 
part, while the outer layers in contact with the mucous coat have an alka- 
line reaction. In nursing infants it is habitually acid. The odor is perhaps 
chiefly due to skatol, which %vas first found in the excrements by Brieger, 
and so named by him. Indol and other substances also take part in the 
production of odor. The color is ordinarily light or dark brown, and 
depends above all upon the nature of the foodi Medicinal bodies may 
give the fseces an abnormal color. The excrements are colored black by 
bismuth, yellow by rhubarb, and green by calomel. This last-mentioned 
color was formerly accounted for by the formation of a little mercury 
sulphide, but now it is said that calomel checks the putrefaction and the 
decomposition of the bile-pigments, so that a part- of the bile-pigments 
passes into the fseces as biliverdin. In the yolk-yellow or greenish-yellow 
excrements of nursing infants one can detect bilirubin. Neither bilirubin 
nor biliverdin seems to exist in the excrements of mature persons under 
normal conditions. On the contra^q there is found stercobilm (Masius 
and Vanlair), which is identical with urobilin (Jaffi^^). Bilirubin may 
occur in pathological cases in the fseces of mature persons. It has l^een 
observed in a crystallized state (as hsematoidin) in the fseces of children 
as well as of grown persons. 

The absence of bile (acholic fseces) causes the excrements to have, as 
above stated, a gray color, due to large quantities of fat; this may, however, 
be partJ.y attributed to the absence of bile-pigments. In these cases a 
large quantity of ciystals has been observed which consist chiefly of mag- 
nesium soaps or sodium soaps. Hemorrhage in th^ upper parts of the 

^ Hermann, Pfliiger^s Arch., 46. See also Ehrenthal, ibid,, 48; Berenstein, ibid,^ 
5S; Klecki, Ceritralbl. f. Physiol., 7; 736, and F. Voit, Zeitschr. f. Biologie, 29; v. 
Moraczewski, Zeitschr. f. physiol. Chem., 25. 

^ In regard to the constitution of fseces with various foods, see Hammerl, Kermauner, 
Moeller, and Prausnitz, Zeitschr. f. Bioiogie, 35, and Poda, Micko, Prausnitz and 

® See bile-pigments, Chapter VIII, and urobilin, Chapter v / ; 
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digestive tract yields, when it is not . very abundant; a dark-brown excre- 
ment, due to ligernatin. 

Excketin, so named by Marcbt/ is a crystalline body occurring in human 
excrement, but which, according to Hoppe-Seyler, is perhaps only impure 
cholesterin (koprosterin or stercorin?). Excretomc acid is the name given by 
Marcet to an oily body with an excrementitious odor. 




In consideration of the very variable composition of excrements, their 
quantitative analyses are of little value and therefore will be omitted.^ 

Meconiiun is a dark brownish-green, pitchy, mostly acid mass without 
any strong odor. It contains greenish-colored epithelium cells, cell-detritus, 
numerous fat-globules, and cholesterin plates. The amount of water 
is 720-800, and solids 280-200 p. m. Among the solids there are mucin, 
bile-pigments, and bile-acids, cholesterin, fat, soaps, traces of enzymes, 
calcium and magnesium phosphates. Sugar and lactic acid, soluble 
protein bodies and peptones, also leucine and tyrosine and the other pro- 
ducts of putrefaction occurring in the intestine, are absent. Meconium 
may contain undecomposed taurocholic acid, bilirubin and biliverdiii, but 
it does not contain any stercobiline, which is considered as proof of the 
non-existence of putrefactive processes in the digestive tract of the foetus. 

In medico-legal cases it is sorhetimes necessary to decide whether spots 
on linen or other substances are caused by meconium. In such cases the 
following conditions exist: The spot caused by meconium has a brownish- 
green color and can be easily separated from the material because, on 
account of the ropy property of the meconium, it is difficult to -wet through. 
When moistened with water it does not develop any special odor, but on 
warming with dilute sulphuric acid it smells somewhat fetid. It forms 
with water a slimy, greenish-yellow liquid containing brown flakes. The 
solution gives with an excess of acetic acid an insoluble precipitate of 
mucin; on boiling it does not coagulate. The filtered, watery extract 
responds to Gmelin’s, but still better to Huppert's reaction for bile- 
pigments. The liquid precipitated by an excess of milk of lime gives a 
nearly colorless filtrate, which after concentration shows PETTENKOFER^s 
reaction. 

The contents of the intestine under abnormal conditions are perhaps less the 
subject of chemical analysis than of an inspection and microscopical investiga- 
tion or bacteriological examination. On this account the question as to the 
properties of the contents of the intestine in different diseases cannot be thor- 
oughly treated here.^ 


^ Annal, de cliim. et de phys. ,59, ; 

^ In regard to these analyses as well as to the faeces under abnormal conditions 
and to the pertinent literature, see Ad. Schmidt and J. Strassburger, Die F^ces des 
Menschen, etc., Berlin, 1901 and 1902, 

® See Schmidt and Strassburger, 1. c;, . / 
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■ ■ INTESTINAL CONCREMENTS, : /'I' ''':; 

Calculi occur veiy seldom in the human intestine or in the Intestine of 
eariiivora;, but they are quite common in lierbivora. Foreign bodies or 
undigested residues of food ma}^ when for some reason or other they are 
retained in the intestine for some time, become incrusted with salts, espe- 
cially ammonium-magnesium phosphate or magnesium phosphate, and 
these salts usually form the chief constituent of the coiicrements. In man 
they are sometimes oval or round, yellow, yellowish gray, or brownish gray, 
of variable size, consisting of concentric layers and containing chiefly 
ammonium-magnesium phosphate and calcium phosphate, besides a small 
quantity of fat or pigment. The nucleus ordinarily consists of some foreign 
body, such as the stone of a fruit, a fragment of bone, or something similar. 

In those countries where bread made from oat-bran is an important food, 
we often find in the large intestine balls similar to the so-called hair-bails 
(see below). Such calculi contain calcium and magnesium phosphate 
(about 70 per cent), oat-bran (15-18 per cent), soaps and fat (about 10 
per cent). Concretions which contain very much fat (about 74 per cent) ” 
occasionally occur, and those consisting of fibrin clots, sinews, or pieces of 
meat incrusted wdth phosphates are also rare. 

Intestinal calculi often occur in animals, especially in horses fed on 
bran. These calculi, -which attain a very large size, are hard and heavy 
(as much as 8 kilos) and consist in great part of concentric layers of ammo- 
nium-magnesium phosphate. Another variety of concrements wdiich 
occurs in horses and cattle consists of gra}Lcolored, often very large, but ; 

relatively light stones wiiich contain plant residues and earthy phosphates, ' j 

Stones of a third variety are sometimes cylindrical, sometimes spherical, i 

smooth, shining, brownish on the surface, consisting of matted hairs and . 

plant-fibres, and termed hair-halls. The so-called “.egagropil^/^ which ^ 

probably originate from the antilopus rupicapra, belong to this group, i 

and a.re generally considered as nothing else than the hair-balls of cattle. [ 

The so-called oriental bezoar-stone belongs also to the intestinal coiicre- i 

ments, and probably originates from the intestinal tract of the capea I 

jEGAGmjB and antilope dorcas. There, may exist two varieties of bezoar- ; 

stones. One is olive-green, faintly shining and formed of concentric layers. 

On heating it melts with the development of an aromatic odor. It eon- , ; 

tains as chief constituent lithofellig acid, C 20 H 36 O 4 , w^hich is related to | 

cholic acid, and besides this a bile-acid, lithobilic acid.; The others are ^ 

nearly blackish brown or dark green, very glossy, consisting of concentric 
layers, and do not melt on heating. , They contain as. chief consiitnent I 
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eliagic acid, a derivative of gallic acid, of the formula CuH^Os, which, 
aocording to Gbaebe,^ is the dilactone of hexaoxydiphenyidicarboxyiic acid 
and which gives a deep-blue color with an alcoholic solution of ferric chlo- 
ride. This last-mentioned bezoar-stone originates, to all appearances, 
from the food of the animal. 

Ambergris is generally considered an intestinal concrement of the sperm- 
whale, Its chief constituent is amhrain, which is a non-nitrogenous substance 
perhaps related to cholesterin. Ambrain is insoluble in water and is not changed 
by boiling alkalies. It dissolves in alcohol, ether, and oils. 

VI. Absorption. 

The problem of digestion consists in part in separating the valuable con- 
stituents of the food from the useless ones and dissolving or transforming 
them into forms which are adapted for the processes of absorption. In 
discussing the absorption processes we must treat of the form into which 
the different foods are changed before absorption, of the manner in 
which this is accomplished, and, lastly, of the. forces which act in these 
processes. 

Before we can answer the question as to the form in which the proteins 
are absorbed from the intestinal canal, it is of interest to learn whether the 
animal body can, perhaps, also utilize such protein as is introduced intra- 
venously, subcutaneously, or into a body-cavity, i.e., evading the intestinal 
canal, or, as Oppenheimeb calls it, parenteral. 

Since the first investigations of Zuntz and v. Mebing on this subject 
several experimenters, such as Neumbister, Friedenthal and Lewan- 
BOWSKY, Munk and Lewandowsky, Oppenheimeb, Mendel and Rock- 
wood, and others,^ have shown, without any doubt, that the animal body 
can more or less completely utilize different, parenterally introduced pro- 
teins, although different varieties of animals show a difference in this regard. 
Still we do not know where and how these foreign proteins are changed 
and assimilated. 

Ji the animal body can assimilate parentexally introduced protein, then 
the question arises, whether it can also take up undigested protein from the 
intestinal canal and utilize it. In this regard we have the observations of a 
large number of investigators, such as Brucke, Bauer and Voit, Eich- 


^ Ber. d. d. chem. Gesellsch., 86. 

^ Zuntz and v. Mering, Pfiiige3:’s Arch., 32; , Neumeister, Verb. d. phys.-med. 
Gesellsch* zu Wurzburg, 1889, and Zeits'chr., f, Biologie, 27; Friedenthal and Lewan- 
dowsky, Arck. L (Anat. u.) PhysioL, 1899; Mtmk and Lewandowsky, ibid,^ 1899, SuppL; 
Oppenheimer, Hofmeister's , Beitr%e, . 4; Mendel and Eockwood, Amer. Joum. of 

Physiol, 12. V" ' ‘ ’ ‘ ‘ 
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HOEST, CzEENY and Latschenbeegee, Voit and Fried landeEj^ who 
have shown that iion-peptonized protein can be absorbed from the intestine. 
In the experiments of the two last-mentioned investigators neither casein 
(as milk) nor hydrochloric-acid myosin or acid albuminate (in acid 
solution) was absorbed, while, on the contrary, about 21 per cent of oval- 
bumin or seralbumin and 69 per cent of alkali albuminate (dissolved in 
alkali) were a])sorbcd, Mendel and RociavooD, on the contrary, in 
experiments with casein and edestin in the living intestinal loop, could 
prove only the slightest absorption on excluding digestion as completeK’ 
as possible, while the corresponding proteoses were abundantly absorbed. 

It is difficult to decide in these experiments as to how far the proteins 
^vere taken up in an actually unchanged or partly modified form. The 
alimentary albuminuria observed repeatedly after the introduction of 
large quantities of protein into the intestinal canal speaks for an alDSorption 
of undigested protein under certain circumstances. To decide this question 
the biological method, using the precipitine reaction, has been made use 
of, and Ascoli and Vigno,^ using this method, claim to have shown the 
passage of non-modified protein into the blood and lymph. Based upon 
many investigations on this subject we can consider it possible that under 
certain circumstances, as on flooding the intestinal canal ^\'ith protein, 
with a greater permeability of the intestinal wall, as in new-born and 
sucking animals, and with a diminished modification by the gastric juice, 
a passage of non-modified protein may take place in the blood-vessels, but 
that under normal conditions this is not the case, or at least does not take 
place to any mentionable degree. As a rule, the absorption of protein 
foliow^s a modification of the same, and the next question is whether the 
proteins are chiefly absorbed as proteoses or peptones or as simpler atomic 
complexes. 

This question cannot be answered for the present. Investigations on 
die contents of the stomach and intestine have shown the presence of 
protec^es and peptones as well as non-biuret-giving atomic complexes and 
amino-acids. The results of the investigations of Schmidt-Mulheim, 
Ellenberger and ITopmeistee, Ewald and Gumlich, Zunz, Reach, 
Kutscher and Seemann, Abdeehaldbn, Glaessner, and others ^ have 


^ Briicke, Wien. Sitzungsber., 59; Bauer and Voit, Zeitsclir. f. Biologie, 5; Eich- 
horst, Pfliiger’s Arch., 4; Czerny and Latschenbergex', Virchow's Arch., 59; Voit and 
Friedlander, Zeitschr. f. Biologie, 33, 

^ Zeitschr. iV physiol. Chem., 39. . 

® Sclimidt-Mlilheira, Arch. f. (Anat. u.) PhysioLj. 1879; Ellenberger and Hofmeister, 
ibid., 1890; Ewald and Gumlich,, Berlin. . Min. Wochenschr., 1890; E, Zunz, Hof- 
meister's Beitrage, 3; Reach, ibid.^ 4; Zums, AnnaL de la soc. roy. d. scienc, de Bru- 
xelles, 13; Kutscher and Seemahn, Zeitschr. f, physiol Chem., 34 and 35; Abderhalden, 
44; Glaessner, Zeitschr. Lklin. Med-, 5S, ^ 
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giveE^., aa was- to, be, expected, ' contradictory and variable, results,, .and 
as the absorption runs more or less parallel with digestion the quantities 
of the various products found in the intestinal canal cannot give any positive 
conclusions as to the amounts produced. 

The proteoses, as well as the peptones, have been repeatedly found in 
the stomach and the intestine, and therefore the question has been raised 
for a long time how these bodies are absorbed and how they are introduced 
in the tissues. The generally accepted view is that they do not pass into 
the blood through the lymphatics, but through the intestinal epithelium, 
and this view is based essentially on the two following conditions: On 
completely isolating the chyle from the blood circulation, the protein 
absorption from the intestine is not impaired (Ludwig and Schmidt- 
Mijlheim) ; and on a diet rich in protein the quantity thereof in the chyle 
(in man) was not noticeably increased (Munk and Rosenstein). Asher 
and Barbera ^ have shown in experiments on a dog that the quantity of 
protein in the lymph was slightly increased, after partaking of considerable 
protein. This experiment does not disprove the assertion of Munk that 
the blood-vessels form nearly the exclusive exit of the proteins from the 
intestinal tract. 

After a diet rich in proteins neither proteoses nor peptones are found 
in the blood or the chyle. Nor are they present in the urine; and the 
absence of these bodies in the blood after digestion cannot be explained by 
the statement that they, like the proteoses (peptones) injected subcutane- 
ously or directly into the blood, are quickly eliminated through the kidneys 
(Plosz and Gyergyai, Hofmeister, Schmidt-Mulheim^), It might be 
supposed that the proteoses (peptones) formed in digestion are retained by 
the liver, and that this is the reason why they are not found in the blood. 
This explanation does not seem to be sufficient. Neumeister has inves- 
tigated the portal blood of rabbits into whose stomachs large quantities 
of proteoses and peptones had been introduced, without finding traces of 
the bodies in question. 

He has also shown that when the liver of a dog is supplied with 
portal blood to which peptone is added (ampho-peptone), this is not 
retained by the liver. Shore has arrived at similar results in regard to 
the importance of the liver, and has also shovm that the spleen cannot 
transform peptone. Peptone seems to pass neither into the blood nor 
the chylous vessels, and the following observation of Ludwig and Sal- 


^ Schmidt-Miilheini, Arch. f. (Anat, u.) Physiol, 1877; Munk and Rosenstein, Vir- 
chow's Arch., 12S; Asher and Barbara, Centralbl L Physiol, 11, 403; Munk, ihicL^ 
11, d85. See also Mendel, Amer. Journ. Physiol, 2. 

^ PI6s 23 and Gyergyai, Pfluger's Arch., 10 ; Hofmeister, Zeitschr. £. physiol Chem., 
Sctoidt-Mulheim,, Arch, tv (Anaitl u.) 'Physiol, 4880. ' ■ . -V'. 
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viOLi bears out this assumption. These investigators introduced a peptone 
solution into a double-ligatured/ isolated piece of the small intestine; which 
was kept alive by passing defibrinated blood through it; and observed that 
the peptone ' disappeared from the intestine, but that ' the blood passing' 
through did not contain any peptone. Catjpcart andLsATHEs ^ with their 
own experiments as a basis, give another interpretation of Sal^uoli's obser- 
vations, namely, by the statement that the disappearance of the peptone 
from the loop of the intestine depends upon a hydrolysis of the same. On 
the other hand, they also found that no peptone was taken up by the 
„ circulating blood. 

It must be remarked in connection with this view that, according to 
Embden and Knoop, and Langstein, proteoses sometimes occur in blood- 
serum, and also that Nolp^ has found, after abundant absorption of 
proteoses from the intestine, a small amount in the blood. This occurrence 
of proteoses in the blood. is not contradictor}’- to the view that the chief 
quantity of proteoses and peptones does not pass from the intestine into 
the blood as such. 

Many observations indicate that the proteoses and peptones are trans- 
formed in some way in the intestine or intestinal wall, and a retransforiria- 
tion of proteoses into protein is considered most plausible. 

Certain investigators, such as v. Ott, Nadine Popofp, and Jull^ 
Brinck:,^ are of the opinion that the proteoses and peptones are transformed 
into seralbumin before they pass into the walls of the digestive tract. This 
transformation is brought about by means of the epithelium-cells, as also 
by the vital activity of a fungus called by Julia Brinck Micrococcus 
restituens. No positive proofs have been presented to support this view. 

The view that the transformation t>f the proteoses and peptones takes 
place after they have been taken up by the mucous membrane has better 
foundation. According to the observations of Hofmeister,^ the walls 
of the stomach and the intestine are the only parts of the body in which 
proteoses (peptones) occur constantly during digestion, and the fact that 
proteoses (peptones) at the temperature of the body disappeared after a 
time from the excised but apparently still living mucous coat of the stom- 
ach, also confirm this. 

This disappearance of proteoses is considered by Hofmeister as a 
transformation into ordinary protein. For such a transformation of pro- 

^ Neumeister, Sitzungsber. d. pliys.-med. Gesellseh. zu Wurzburg, 1889, and Zeitschr. 
f. Biologie, 24; Shore, Journ. of Physiol., 11; Salvioli, Arch, f; (Anat. u« (PhysioL, 
1880, SuppL; Cathcart and Leathes, Joum. of PhysioL, 38. , . ‘ 

* V. Ott, Arch. L (Anat. u.) Physiol., 1888; Popoff, Zeitschr. L Biologie, 25; Brinck, 
Zeitschr. f. physiol Chem., 6, and Arch, f. exp. Path, in, Pharm.,' and 22* : 
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teoses ill the mucosa of the. stomachy Glaessner^ has suggested new 
experimental evidence, while the Hofmeister school (Embden and Knoop) 
consider the regeneration of peptone into coagulable protein in the intes- 
tine as not proved. 

According to Hofmeister the leucocytes, which are increased during 
digestion, play an important part in the transformation of the proteoses 
and peptones. They may in the first place take up the proteoses (pep- 
tones) and be the means of transporting them to the blood, and secondly 
by their growth, regeneration, and increase may stand in close relationship 
to the transformation and assimilation of the bodies. Heidenhain, who 
considers that the transformation of peptones into protein in the mucous 
membrane is positively settled, does not attribute so great an importance 
to the leucocytes in the absorption of the peptones, chiefly on the ground 
of comparative estimation of the quantity of absorbed peptones and leuco- 
c}tes. He considers it as more probable that the reconversion of the 
peptones into protein takes place in the epithelium layers. This view is 
further corroborated by the investigations of Shore ^ 

On account of the discovery of erepsin by Cohnheim, the theory as to 
the absorption of proteins has taken another direction. There seems to 
be a tendency to lean towards the view that the proteoses and peptones 
are split in the intestine, or in the intestinal mucosa, into simpler bodies 
which do not give the biuret test and from which the proteins are regen- 
erated. The question whether the active agent is erepsin or trypsin 
is only of secondary importance, as both of these enz3^mes split the pro- 
teoses and peptones alike. 

According to the investigations of the Hofmeister school on pepsin 
digestion, and of Fischer and Abderhalden on trypsin digestion (see 
Chapter II), the disappearance of the biuret test does not indicate a com- 
plete cleavage of the proteins into amino-acids, since peptoids or poly- 
peptides occur; consequently it is for the present not possible to sa}^ to what 
extent the proteins are broken down in the intestinal canal, and how far the 
amino-acids and more complex atomic groups not gi\Tng the biuret reaction 
are produced. It is just as difficult to state with positiveness, although 
feeding experiments with this in view have been carried out, how far a 
regeneration of protein from such abiuret peptides or from amino-acids 
is possible. 

The possibility of keeping an animal for a certain time in nitrogenous 
equilibrium with abiuret digestion products was first demonstrated In^ Loewi. 
He fed dogs with an abiuret digestion mixtui’e of pancreas tissue and kept 
them in nitrogenous equilibrium for more than a month. Henderson 

^ Hofmeisteds Beitraga, 1. 

A , , ' ; : A Heidenhain, Ffiiiger^s Arch., Shore, I c. . 
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and Deax were also able in a bitch to observe nitrogenous equilibrium 
for at least a few days by feeding the abiuret. products of the acid cleavage 
of meat, .while. L essee^ on the eontraiy,. could not bring the animai,,'in 
nitrogenous equilibrium by using fibrin digested with trypsin. These 
'.negative, results .not only , confront the 'positive , results of .Loewi but also 
.the observations of Abderhaldbx and Rona^ as well as of Heneiques - y 
and Hansen/ and there is no doubt that mice, rats, and dogs can be kept 
for at least a certain time in nitrogenous equilibrium with abiuret digestion 
products consisting in great part of monamino-acids. Of special interest 
is, no doubt, the fact that in the experiments of Abdekhalden and Rona, 
as well as of Heneiques and Hansen, the abiuret products obtained from 
casein by pancreatic digestion could protect the animal from loss of nitro- 
gen, while the products obtained by acid hydrolysis of casein or a mixture 
of amino-acids corresponding to casein (Abberhalben and Rona) could 
not do this. Remarkable is the observation of Heneiques and Hansen 
that the products (monamino-acids?) not precipitable by phosphotungstic 
acid could also cover the nitrogen loss. It is hardly possible to draw any 
positive conclusions from the above experiments as to the ability of the 
animal body to regenerate proteins by synthesis from abiuret digestion 
products. It is just as difficult to say whether and to what extent a 
synthesis of protein from the simple cleavage products takes place in the 
intestinal wmli. Cathcart and Leathbs found that when peptone or 
end-products of pancreatic digestion were absorbed by the intestinal loop 
the amount of nitrogenous substances in the blood not precipitated by 
tannic acid regularly increased, wliich seems to indicate that these simple 
cleavage products were taken up by the blood. 

The extent of the protein absorption is dependent essentially upon the : 

kind of food introduced, since as a rule the protein substances from an ^ 

animal source are much more completely absorbed than from a vegetable 
source. As proof of this the following observations are given: In his experi- 
ments on the utilization of certain foods in the intestinal canal of man Rub- \ 

NER found that with an exclusively animal diet, on partaking of an average | 

of 738-884 grams of fried meat or 948 grams of eggs per day, the nitrogen i 

deficit with the excrement was only 2.5-2.8 per cent of the total nitrogen in- | 

troduced. With a strictly milk diet the results were somewhat unfavorable, ^ 

since after partaking of 4100 grams of milk the nitrogen defi.cit increased - 5 

to 12 per cent. The conditions are quite different wnth vegetable food, as ' '' 

shown by the researches of Mbyee, Rubneb, Hubtoren and Lander-'";': 

OREN, wdio made experiments with various kinds of rye bread and found , | 


^ Loewi, Arch, f. exp. Path. ti. Pharm., 48., See also Henderson and Bean> Amer. 
Joimi. of Physiol., 9; Lesser, ZIeitschr.-, f. Biologie,' 4%, .Afoderha}dea’--ahd Son®-# . ' 
2eitschr. IphysioL Chem.,42, 44, and4'7; HenriquesandHansen^*^,, ,4^,/! 
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that the loss of nitrogen through the faeces amounted to 22-48 per cent. 
Experiments with other vegetable foods, and also the investigations of 
ScHijSTEE, Cramer, Meixbrt, Mori,^ and others on the utilization of foods 
with mixed diets, have led to similar results. With the exception of riee, 
wheat bread, and certain very finely divided vegetable foods, it is found 
in general that the nitrogen deficit by the f^ces increases with a larger 
quantity of vegetable material in the food. 

The reason for this is manifold. The large quantity of cellulose fre- 
quently present in vegetable foods impedes the absorption of proteins. 
The greater irritation produced by the vegetable food itself or by the organic 
acids formed in the fermentation in the intestinal canal causes a more 
violent peristalsis, which drives the contents of the intestine faster than 
otherwise along the intestinal canal. Another and most important reason 
is the fact that a part of the vegetable protein substances seem to be 
indigestible. 

In speaking of the functions of the stomach w’e stated that after the 
removal or excision of this organ, an abundant digestion and absorption 
of proteins may take place. It is therefore of interest to learn how the 
digestion and absorption of proteins go on after the extirpation of the 
second protein-digesting organ, the pancreas. In this connection there 
are the observations on animals after complete or partial extirpation of 
the gland by Minkow^ski and Abelmann, Sandmeyer, V. Harley, after 
destroying the gland by Rosenberg, and also in man after closing the 
pancreatic duct by Harley and Deucher ^ In all these different cases such 
discrepant figures have been obtained for the utilization of the proteins — 
between 80 per cent after the apparently complete exclusion of pancreatic 
juice in man (Deucher) and 18 per cent after extirpation of the gland in 
dogs (Harley) — that one can hardly draw any clear conception as to the 
extent and importance of the trypsin digestion in the intestine. This is 
not to be ivondered at, because one would expect that in such cases the 
other digestive fluids undergo variation, and indeed to various degrees in 
the different cases. Zunz and Mayer ^ have also found that in dogs (meat 
digestion) the tying of the pancreatic passages is essentiall}^ compensated 
for by an increased secretion of pepsin and other proteolytic enzymes, and 


^Rubner, Zeitschr. f. Biolo^e, 15; Meyer, ibid,, 7; liultgrezi and Landergren, 
Nord. med. Arch., 21; Schuster, in Volt’s ^‘Untersuch. d. Kost,” etc., 142; Cramer, 
Zeitschr. f. physiol. Ohem., 6; Meinert, ‘^Uber Massennahrung,” Berlin, 1885; Kell- 
ner and Mori, Zeitschr. f. Biologic, 25^. 

^ Abelmann, Tiber die Ausniitzung der Nahrungsstoffe nach Pankreasexstirpa- 
tion” (Inaug.-Dissert. Borpat, 1890), cited from Maly’s Jahresber., 20; Sandmeyer, 
Zeitschr. f. Biologie, SI; Rosenberg, Pfluger’s Arch., 70; Harley, Joum. of Pathol, 
and BacterioL, 1895; Deucher, Correspond. Blatt t Schweiz. Aerzte, 28. 

^ Mem. de FAcad. roy. dem4d%; de,Belg‘.', 18. , - ' - - ‘ \ ' 
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that in this ease the demolition of the protein in the stomach goes further 
than in a normal animal 

The carbohydrates are, it seems, chiefly absorbed as monosaccharides. 
Dextrose, levulose, and galactose are probably absorbed as such. The 
two disaccharides, saccharose and maltose, ordinarily undergo an inversion 
in the intestinal tract and are converted into dextrose and levulose. Lactose 
is also, at least in certain animals, inverted in the intestine. In other 
mature animals, on the contraiy, if the lactase formation is not excited by 
milk food, the sugar is not inverted or only to a slight extent (Yoit and 
Lusk, Weixland, Portier, Rohmann and Nagano), and it probably is ab- 
sorbed as such in these animals if it does not undergo fermentation, or, as 
PtOHMANN and Nagano ^ assumed, if it is not transformed in the intes- 
tinal mucosa in some unknown way. An absorption of non-inverted car- 
bohydrates is not improbable, and according to Otto and v. Mebing ^ the 
portal blood contains besides dextrose a dextrin-like carbohydrate after 
a carbohydrate diet. A part of the carbohydrates is destroyed by fermen- ' 
tation in the intestine, with the formation of lactic and acetic acids and 
other bodies. 

The different varieties of sugars are absorbed with varying degrees of 
rapidity, but as a general thing absorption occurs very quickly. This ab- 
sorption takes place more quickly in the upper part of the intestine than in 
the lower part (Rohmann, Lannois and Lupine, Rohmann and Nagano 
It is generally admitted that the simpler sugars are more quickly absorbed 
than the disaccharides, while the statements as to the absorption of the 
disaccharides differ somewhat (Hedon, AlbertOxNI, Waymouth Reid, 
Rohmann and Nagano). There seems to be no doubt that lactose is 
absorbed more slowly than the two other disaccharides. According to 
the extensive experiments of Rohmann and Nagano, saccharose is 
absorbed more quickly than maltose. Nagano contends that the pentoses 
are absorbed more slowly than hexoses. 

On the introduction of starch even in very considerable quantities into 
the intestinal tract no dextrose passes into the urine, a condition which 
probably depends in this case upon the absorption and assimilation and the 
slow saccharification taking place simultaneously. If, on the contrar}^ 
large quantities of sugar are introduced at one time, then an elimination of 
sugar by the urine takes place, and this . elimination of sugar is called 


^ Voit and Lusk, Zeitschr. f. Biologie,,;28;: RoHmann and Nagano, Pfiuger’s Arch., 
95, which contains the references to the literature. ' 

^ Otto, see Maly’s Jahresber,, 17; v. Mering, Arch. f. (Anat. u.) Physiol. , 1877. 

® Lannois et Lupine, Arch, de Physiol, Edhmann, Pflugeris Arch,, 41; see 

** In regard to the literature on the absorption of sugsirs,^ see, fodt-uo^ ' ’ , ’ " 
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:almefdary glycosma. „ In these cases the assimilation of the sugar and' the 
absorption do not occur at the' same time; hence the liver and the, remaining 
organs do' not have the necessary time .to fix and utilize the ' sugar. This 
glycosuria may also in part be due to the fact that the introduction of 
considerable quantities of sugar forces this substance to be absorbed not 
only in the ordinary way through the blood-vessels to the liver (see below); 
but als( 3 i in part by passing into the blood circulation through the 
lymphatic- vessels, thus evading the liver. 

That quantity of sugar to which we must raise the ingested substance in 
order to produce an alimentary glycosuria gives, according to Hofmeister/ 
the assimilation limit for that same sugar. This limit is different for various 
kinds of sugar; and it also varies for the same sugar not only in different 
animals, but also in different members of the same species, as also in the 
same individual under different circumstances. In general it can be said 
that in regard to the ordinary varieties of sugar, such as dextrose, levulose, 
saccharose, maltose, and lactose, the assimilation limit is highest for dex- 
trose and lowest for lactose. It must be admitted that with an over- 
abundant quantity of sugars in the intestinal tract the disaccharides do 
not have sufficient time for their complete inversion, and this has been 
directly shown by Rohmann and Nagano. It is, therefore, not remarkable 
that also disaccharides have been found in the urine in cases of alimentary 
glycosuria.2 

The investigations of Ludwig and v. Mering and others have explained 
how the sugars enter into the blood-stream, namely, that they as well 
as other bodies soluble in water do not ordinarily pass over into the 
chylous vessels in measurable quantities, but are chiefly taken up by the 
blood in the capillaries of the villi and in this way pass into the mass of 
the blood. These investigations have been confirmed by observations of 
I. Munk and Rosenstein^ on human beings. 

The reason why the sugars and other soluble bodies do not pass over 
into the chylous vessels in appreciable quantity is, according to Heiden- 
'HAiN,^ to be found in the anatomical conditions, in the arrangement of the 
capillaries close under the layer of epithelium. Ordinarily these capillaries 
find the necessary time for the removal of the water and the solids dis- 
solved in it. But when a large quantity of liquid, such as a sugar solution, 


* Arch. f. exp. Path. u. Pharm., 25 and 26. 

2 For the literature in regard to the passage of various kinds of sugars into the urine, 
see C. Yoit, Ueber die Glykogenbildimg, 2eitschr, f . Biologie, 28, and F. Volt, foot-note 
3, p, 293. See also Blumenthal, Zur Lehre von der Assimilationsgrenze der Zucker- 
arten, Inaug.-Dissert. 1903, Strassbiirg. , 

2 V. Mering, Arch. f. (Anat. u.) PhysioL, 1877; Munk and Rosenstein, Virchow^s 
^PfiugeFs Arch., 
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,:i3 iiitxodiiced into tlie .intestine at once, this is not. possible, ..and, in these, 
cases a part of the dissolved bodies passes into the chylous vesse.ls anddho' 
thoracic duct , (Ginsberg and Rohjviann/). 

The int,roduction of larger quantities of sugar into' the intestine at one 
time can readily cause a disturbance with diarrhoeal evacuations , of the. 
Intestine, If . the carbohydrate is 'introduced in the form,, of starch, then 
very large quantities may be absorbed without causing any disturbance, 
and the absorption may be very complete. Rijbner found the following: 
On partaking 508-670 grams of carbohydrates; as wheat bread, per day 
the part not absorbed amounted to only 0.8~2.6 per cent. For peas, where 
357-588 grams were eaten, the loss was 3.6-7 per cent, and for potatoes 
(718 grams) 7.6 per cent. Constantinidi found on partaking 367-380 
grams of carbohydrates, chiefly as potatoes, a loss of only 0.4-0.7 per cent. 
In the experiments of Rubnbr, as also of Hultgren and Landergren,^ 
with rye bread the utilization of carbohydrates was less complete, and 
the loss in a few cases rose even to 10.4-10.9 per cent. It at least follows 
from the experiments made thus far that man can absorb more than 500 
grams of carbohydrates per diem without difficulty. 

We generally consider the pancreas as the most important organ in 
tile digestion and absorption of amylaceous bodies, and it is a question how 
these bodies are absorbed after the extirpation of the pancreas. As on the 
absorption of proteins, so also on the absorption of starch, the observations 
have given variable results. In certain cases the absolution was not 
impaired, while in others it was, on the contrary, rather diminished, and 
with dogs devoid of pancreas it has been found that the absorption was 
decreased to 50 per cent of the starch partaken (Rosenberg, Cavazzani^). 

Emulsification used to be considered as of the greatest importance in 
the absorption of fats, and this emulsion occurs in the eh3de on the intro- 
duction into the intestine of not only neutral fats, but also of fatty acids. 
The fatty acids do not exist as such in the emulsified fat of the chyle. The 
investigations of I. Munk, later confirmed by others, have shown that the 
fatty acids undergo in great part a synthesis into neutral fats in the walls of 
the intestine, and are carried as such by the stream of chyle into the blood 
This synthesis seems to take place in the mucous membrane (Moore). 
The experimental evidence thus far obtained for this assumption is not 
ver}’' conclusive.^ 

^ Ginsberg, Pfliiger's Arch., 44; Hohmann, 41. 

2 Rubner, Zeitschr. f. Biologie, 15 and 19; Constantinidi, ibid., 28; Hultgren and 
Landergren, L c, . , 

^ Gavazzani, Centralbl. f. Physiol., 7. See foot-note 1, p. 419; also Lombroso, 
Hofmeister’s Beitriige, 8. ‘ ' , ■ 

Munk, Virchow^s Arch., SO. See also w/Walther, Arch., f. (Anat. u.) Physiol, 
1890; Minkowski, Arch. f. exp. Path, u, Phamii, 21; Frank, Zeitschr. f. Biologie, 80; 
Moore, see Biochem. Oentralbl> 1 , 7’41; Franik tod- Ritter, Zeitschr. t Biologie; 47. ' 
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' Tlie assumption that the fat is 'absorbed chiefly as an. emulsion is partly 
based on the abundance of emulsified fat in the chyle after feeding with fatj 
and partly on the fact that a fat emulsion is often found in the intestine 
after such food. As an abundant cleavage of neutral fats occurs in the 
intestinal canal, and also as the fatty acids do not occur in the chyle as 
such, but as emulsified fat after a synthesis with glycerine into neutral fats, 
it is to be doubted whether the emulsified fat of the chyle originates from 
an absorption of emulsified fat in the intestine or from a subsequent emul- 
sification of neutral fats formed synthetically. This doubt has greater 
warrant in that Frank ^ has shown that the fatty-acid ethyl ester is abun- 
dantly taken up by the chyle from the intestine, not as such, but as spiit-off 
fatty acids from which then the neutral emulsified fats of the chyle are 
formed. 

The assumption of an absorption of fats as an emulsion contradicts the 
fact that an emulsion produced by means of soaps is not permanent in an 
acid liquid; hence we cannot consider as possible the presence of an emul- 
sion in the intestine so long as it is acid. This difficulty is not too serious, 
as the reaction is often due to only carbonic acid and bicarbonates and 
also as found by Kuhnb and recently shown by Moore and Krumbholz,^ 
the proteins have a preserving action upon fat emulsions. The older views 
as to fat absorption were that the fat was absorbed .as soaps, soluble in 
water, as well as finely emulsified fat, and this last form was considered as 
of the greatest importance. This view has recently undergone essential 
modifications, due to the work of Moore and Rockwood, and especially 
to the extensive work of Pfluger.^ 

Moore and Rockwood have shown the great solvent action of the bile 
for fatty acids, and on continuing these investigations further, Moore and 
Parker have found that the bile increases the solubility of soaps in water 
and can prevent their gelatinization, a fact 'which is of greater importance 
for the absorption of fats than the solubility of the fatty acids in bile. The 
quantity of lecithin in the bile is of great importance for the solubility therein 
of the fatty acids as well as the soaps. According to the above-mentioned 
investigators, the absorption of fat from the intestine is essentially dependent 
upon the solubility of the soaps and free fatty acids in the bile. The neutral 
fats are split and the free fatty acids are in part absorbed dissolved as such 
by the bile, and in part combined with alkalies, forming soaps. Neutral 
fats are regenerated from the fatty acids, and the alkali set free from the 

/ , ^ Zeitschr. f. Biologic, 36. 

^Kiihne, Lehrb. der physiol. Chem., 122; Moore and Krnmbhoiz, Jonm. of Phy- 

® In regard to the newer literature on, fat absorption, see the works of Pfiuger, 
Pfiiiger's Arch., 80, 81, 82, 85, 88, 89, and 90, where the work of other investigators is 
cited and discussed. 
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soapsis Becretecl back agaiiiinto tlielntestine a used for .the .re-formation , 
of soaps. 

■ The importance of the bile, the soaps, and the .alkali .carbonates has been. : 
closely studied, chiefly in the very thorough investigations of Pfluger, 

He has quantitatively . determined the solvent power of the .al30ve-men-' ^ 
tioned bodies— each alone as well ..as--' different- mixtures, of these— for the 
various fatt\' acids, and has closely studied the mode of action of the bile. 

From his investigations lie has arrived at the conclusion that no unsplit fat 
is a])Sor]:)ed, that ail fats, before their absorption, must first be split into 
glycerine and fatty acids, and that the bile, on account of its solvent 
power for soaps and fatty acids, is sufficient for the absorption of large 
quantities of fat eaten. The object of the formation of an emulsion is, 
according to this view, that the fat in this condition forms such a large 
surface for the action of the steapsin or the fat-splitting agents. 

The possibility that all the fat must be first split and that no unsplit 
fat is absorbed is, according to these researches, not to be denied. It is 
the opinion of the author that it is still too early to give a positive verdict 
as to how these conditions in the intestine are brought about and the con- 
clusion must be left for further investigations. : 

The next question is whether all the fat or the greater part- of the same 
passes into the blood through the lymphatics and the thoracic duct. 

According to the researches of Walther and Frank ^ on dogs, it seems 
that only a small part of the fats, or at least of the fatt}^ acids fed passes 
into the chylous vessels: but these observations can hardly be applied to 
the absorption of neutral fats, or to the absorption in man under normal 
circumstances. Munk and Rosenstein,^ in their investigations on a 
girl with a lymph fistula found 60 per cent of the fat ingested in the chyle, 
and of the total quantity of fat in the chyle only 4-5 per cent existed as 
soaps. On feeding with a foreign fatty acid, such as erucic acid, they 
found 37 per cent of the introduced body as neutral fat in the chyle. 

The completeness with which fats are absorbed depends, under normal 
conditions, essentially upon the kind of fat. In this regard it is known, 
especially from the investigations of Monk and Arnschine,® that the 
varieties of fat with high melting-points, such as mutton-tallow and espe- i 

dally stearin, are not so completely absorbed as the fats with low melting j 

points, such as hog- and goose-fat,, olive-oil,, etc. The kind of fat also has 
an influence upon the rapidity- of ■ absorption, as Munk and Rosmsmm \ - | 
found that solid mutton-fat was absorbed more slowly than fluid lipanin. 

The extent of absorption in the intestinal tract is, under physiological con- ? 

^ I 

^ Walther,'' Arch. 1 (Anat. u.) .PhysioL, 1900; -Frank, 1892. ;; 

* Virchow^s Arch., 12S* F, y. ' . ''I 

® Mnnk, Virchow *s Arch., 80 and Oo; Amschink, Zeitschr, f, Eiolbgl^ 1®. . *' ’I 
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ditioiis^ very considerable. In the case of a dog investigated by Yoit it 
was found that out of 350 grams of fat (butter) partaken, 346 grams were 
absorbed from the intestinal canal, and according to the investigations of 
Rubnee^ the human intestine can absorb over 300 grams of fat per diem. 
The fats are, according to Rubner, much more completely absorbed when 
free, in the form of butter or lard, than when enclosed in cell-membranes, 
as in bacon. 

Claude Bernard showed long ago with experiments on rabbits in w^hich 
the ductus choledochus was made to open into the small intestine above the 
pancreatic duct, that after food rich in fats the chylous vessels of the intes- 
tine above the pancreas passages were transparent, while below they w-ere 
milk-white, and also that the bile alone cannot produce an absorption of 
the emulsified fat without the pancreatic juice. Dastre^ has performed 
the reverse experiment on dogs. He tied the ductus choledochus and 
adjusted a biliary fistula so that the bile flow^ed into the intestine below 
the mouth of the pancreatic passages. On killing the animal after a meal 
rich in fat the chylous vessels were first found milk-white below the dis- 
charge of the biliary fistula. From this Dastre draws the conclusion 
that a combined action of the bile and pancreatic juice is important in the 
absorption of fats — a conclusion w^hich stands in good accord with the 
experience of many others. 

Through numerous observations of many investigators, such as Bidder 
and Schmidt, Voit, Rohmann, Fr. Muller, L Munk,^ and others, it has 
been shown that the exclusion of the bile from the intestinal tract dimin- 
ishes the absorption of fat to such an extent that only one seventh to 
about one half of the quantity of fat ordinarily absorbed undergoes absorp- 
tion. In icterus with entire exclusion of the bile, a considerable decrease 
in the absorption of fat is noticed. As under normal conditions, so also in 
the absence of bile in the intestine, the low^er-melting parts of the fat are 
more completely absorbed than those which have a high melting-point. 
I. Munk found in his experiments on dogs with lard and mutton-tallow 
that the absorption of the high-melting tallow was reduced twice as much 
as the lard on the exclusion of the bile from the intestine. 

We also learn from the investigations of Rohmann and I. Munk that 
in the absence of bile the relationship between fatty acids and neutral fats 
is changed, namely, about 80-90 per cent of the fat existing in the fseces 
consists of fatty acid, while under normal conditions the fseces contain 
1 part neutral fat to about 2-2J parts free fatty acids. It is not possible 


^ Voit, Zeitschr. f. Biologic, 9; Rubner, ihid.^ 15. 

®F. Muller, Sitzungsber. der phys.-xn^. , Gesellsch. zu Wurzburg, 1885; I. Munk, 
Virchow’s Arch., 122, See also foot-notes 2 and 3, p. 406. 
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to state /liow .tliis 'incm quantity of fatty acids, in tlie iat. .of. the , 

is produced upon the exclusion of the bile , from the intestine . ' ■ 

There is no doubt that the bile is of great importance in the absorption 
of fats. Still there is also no doubt. that rather considerable. quantities of., .', 
fat may be absorbed from the intestine in the. absence of bile. . t'iTiatTela- .\ 
tion does. the "pancreatic juice bear to this fact'? 

' ' Upon this point a rather large number of observations on animals have, ' 
been made by Abelmann and MinkowskIj.Sandme.yer,' Harley^ Rosen- 
BERG, HiDON and ViLLEj and also on man by Fr. Muller and DEucHERd 
In all of these investigations a more or less diminished absorption of fat 
was observed after the extirpation or destruction of the gland, or the 
exclusion of the juice from the intestine. The results are very diverse 
as to the extent of this diminution, as in certain cases no absorption of fat 
was observed/while, in other cases, a considerable absorption was noted 
in the same class of animal (dog) and even in the same animal. According 
to Minkowski and Abelmann, after the total extirpation of the pancreas 
the fat of the food introduced is not absorbed at all, with the exception of 
milk, of which 28-53 per cent of the fat is absorbed. Other investigators 
have obtained other results, and Harley has observed a case where in a 
dog an absorption of only 4 per cent of the milk-fat, or, on the complete 
exclusion of intestinal bacteria, even no absorption, took place. The con- 
ditions may be somewhat different in the different eases; but it is certain 
that the absence of pancreatic juice from the intestine essentially affects 
the fat absorption. It is also just as certain that the absorption of fat is 
most abundant in the simultaneous presence of bile as w^ell as pancreatic 
juice in the intestine, A little fat may still be absorbed even in the absence 
of these two fluids, as showm by the investigations of lifeoN and Ville 
and Cunningham.2 

The reason for the fact that the fat absorption is diminished in the 
absence of bile from the intestine must be sought for in the above-mentioned 
role of this fluid. It is more difflcult to state why the absence of pan- 
creatic juice causes a reduction in the absorption of fat. The most natural 
Yiew is that the neutral fats are here less completely split, but this does 
not seem to be the case, because the non-absorbed fat of the fseces consists, 
on the exclusion of bile and pancreatic juice (Minkowski and Abelmann, • 
Harley, H:^don and Ville, Deucher), chiefly of free fatty acids. A 
still unknowm change caused by gastric lipase or by micro-organisms or 
otherwise may produce a cleavage of the fat in these cases. The imperfect 

^ Miiller, “ITnters. liber den Icterus,^’ Zeitsehr. f. klin. Med., 12; H4don and Ville, 
Arch, de Physiol (5), d; Harley, Journ. of Physiol, 18, Journ. of Pathol, and BacterioL, 
1895, and Proceed. Roy. Soc., 61. In regard to the other authors see foot-note 2, 
p. 418. ■; 

2 H4don and Ville, 1. c.; Cunningham, Journ. of Physio!., 2S. ' ' ■ ' ? u '' , t 
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fat: absorption;, after the .extirpation of -the pancreas can possibly be explained 
by the removal of a considerable part of the alkalies necessary for the 
formation of the emulsion and for the solution of the fatty acids/ but as 
,S.ANi>MEYEE foiiiid in dogs deprived of their pancreas that the fat absorption 
was raised by giving chopped pancreas with the fat, this can hardly be 
^.a: sufficient explanation. 

The soluble salts are also absorbed with the water. The proteins, 
which can dissolve a considerable quantity of salts, such as earthy phos- 
phates which are otherwise insoluble in alkaline water, are of great impor- 
tance in the absorption of such salts. 

The soluble constituents of the digestive secretions may, like other 
dissolved bodies, be absorbed, as is demonstrated by the passage of pepsin 
into urine; the enzymes may also be absorbed. The occurrence of uro- 
bilin in urine attests the absorption of the bile-constituents imder physio- 
logical conditions despite the fact that the occurrence of ver}^ small traces 
of bile-acids in the urine is disputed. The absorption of bile-acids by the 
intestine seems to be positively proved by other observations. Tap- 
PEiNEB ^ introduced a solution of bile-salts of a known concentration into 
an intestinal knot and after a time investigated the contents. He found 
that in the jejunum and the ileum, but not in the duodenum, an absorption 
of bile-acids took place, and further that of the two bile-acids only the 
glycocholic acid was absorbed in the jejunum. Further, Schifp long ago 
expressed the opinion that bile undergoes an intermediate circulation, in 
such wise that it is absorbed from the intestine, then carried to the liver 
by the blood, and lastly eliminated from the blood by this organ. Although 
this view has met with some opposition, still its correctness seems to be 
established by the researches of various investigators, and more recently 
by Prevost and Binet, and specially by Stadelmann and his pupils.^^ 
After the introduction of foreign bile into the intestine of an animal the 
foreign bile-acids appear again in the secreted bile. 

How does the removal of large portions of the various parts of the 
intestine affect absorption? Harley ^ has been able to perform a partial 
extirpation of the large intestine and in another instance a complete extir- 
pation. This last condition increased the fseces considerably, especially 
because of the large increase in the water (fivefold). Fats and carbohy- 
drates w'ere absorbed just as completely as in the normal. The absorp- 
tion of the proteins, on the contrary, was reduced to only 84 per cent as 
compared to 93-98 per cent in normal dogs. After extirpation the fseces 


^ Wien. Sitzungsber., 77. 

^Schiff, PfiugePs Arch., 3; Prevost and Binet, Compt rend., 106; Stadelmann, 
see foot-note 1, p. 309, , 

® Proceed. Boy. Boc., 61.''' ■ ; 
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sonienines did not eoritain any urobilin or only traces thereof^ while bile- 
pigments existed in large amounts. 

Ehlaxger and HEVfimiTT ^ found that dogs^ from which 70“S3 per cent 
of the total length of the jejunum and ileum had been remoYed,, could be 
kept alive like other animals if only the food tvas not too rich in fat. When 
the food contained large amounts of fat then 25 per cent wms evacuated 
by the fseces as compared to 4~5 per cent in the normal animal. Under 
these same conditions the amount of nitrogen in the fasces was increased 
to twice the normal amount. 

xlfter the exclusion of the colon in rabbits, Bekg3^l\xx and Hultgren ^ 
could find no definite action upon the availability of the cellulose and 
also no diminution in the utility of the other eonstitiients of the food could 
be observed. Zuxtz and Ustjanzew ^ also found that the removal of the 
csecum had no influence on the utilization of nitrogen; but in regard to 
other points they arrived at different results. They found, namely, that 
the caecum of the rodent is of great impoidance for the digestion of crude 
fibre and the pentosanes. On feeding hay and wheat to rabbits after the 
removal of the caecum, the digestion coefficient for crude fibre fell from 
42.S to 23.4-18.7 per cent and for pentosanes from 50 to 40-28.7 per cent. 

The question as to the forces which are active in the intestine during 
absorption has not been aiiswered. It is certain that thus far the laws of 
diffusion and osmosis alone are not sufficient to explain absorption, although 
the view’s are disputed. With all these facts in view, and as it is not within 
the scope of this book to enter more in detail upon the numerous inves- 
tigations on this subject, w’e must refer to larger worlds ^ and to text-books 
on physiology for further information. 


m4mer. Journ. of Physiol., 6. 

“Skand. Arch. f. Physiol., 14. 

®VerhandL d. physiol. Gesellsch. zu Berlin, 1904-1905. 

^ See Hober, Physikalische Chemie der Zelle, Leip^sig, 1906, and I. Munk, Ergeb- 
nisse der Physiologie, I, Abt. 1; Hamburger, Osmotisclier Druck uiid lonenlehre, 
Bd. 2, Wiesbaden, 1904. 


CHAPTER X. 


TISSUES OF THE CONNECTIVE SUBSTANCE. 

I. The Connective Tissues. 

The form-elements of the typical connective tissues are cells of various 
^ kinds, of a not very well-known chemical composition, and gelatine-yielding 
fibrils, which, like the cells, are imbedded in an interstitial or intercellular 
substance. The fibrils consist of collagen. The interstitial substance con- 
tains chiefly mucoid (tendon-mucoid), besides serglobulin and seralbumin^ 
which occur in the parenchymatous fluid (Loebisch i). 

The connective tissue also often contains fibres or formations consisting 
of elastin, sometimes in such great quantities that the connective tissue 
is transformed into elastic tissue. A third variety of fibres, the reticular 
fibres, also occurs, and according to Siegfried these consist of reticulin. 

If finely divided tendons are extracted in cold water or NaCl solutions, 
the protein bodies soluble in the nutritive fluid in addition to a little mucoid 
are dissolved. If the residue is extracted with half-saturated lime-water, 
then the mucoid is dissolved and may be precipitated from the filtered 
extract by adding an excess of acetic acid. The extracted residue con- 
tains the fibrils of the connective tissue together with the cells and the 
elastic substance. 

The so-called tendon mucin is not true mucin, but a mucoid, which, 
as first shown by Levene and then by Cutter and Gies, contains a part of 
its sulphur as an acid related to chondroitin-sulphuric acid. These mucoids, 
which according to Cutter aiid Gies are mixtures of several glucoproteids, 
contain 2.2-2.33 per cent sulphur, as shown by the analyses of Chittex- 
DEN and Gibs, as well as those of -Cutter and Gies. The quantity of 
sulphur split off as sulphuric acid was 1.33-1.62 per cent (Cutter and 
Gies s). 

The fibrils of the connective, tissue are elastic and swell slightly in water, 
somewhat more in dilute alkalies or in acetic acid. On the other hand, 
they shrink by the action of certain metallic salts, such as ferrous sulphate 

^ 2eitschr. f, physiol. Chem., 10. 

^ Levene^ ibid., SI and S9; Cutter and Gies, Amer. Journ. of Physiol, 6; Chittenden 
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.or mercuric. cMoridej ■ and tannic acid, . which form insoluble, compounds 
with the. collagen. Among, these compounds, which . prevent putrefaction 
of the collagen, that with tannic acid has been found of the greatest tech- 
nical importance in the preparation of leather. In regard to the, collagens, 
gelatines, elastins, and reticulins, see pages 75 .to 81. 

The tissues described under the names miicous or gelatinous tissues are 
characterized more by their physical than by their chemical properties and 
lurv'e been but little studied. This much, hoV'Cver, is known, that the 
mucous or gelatinous tissues contain, at least in certain cases, as in the 
acalephse, no mucin. 

The umbilical cord is the most accessible material for the investigation 
of the chemical constituents of the gelatinous tissues. The mucin occurring 
therein has been described on page 67. G. Th. Mornee^ has found a 
mucoid in the vitreous humor which contains 12.27 per cent nitrogen and 
1.19 per cent sulphur. 

Young connective tissue is richer in mucoid than old. Halliburton^ 
found an average of 7.66 p. m. mucoid in the skin of very young children 
and only 3.S6 p. m. in the skin of adults. In so-called myxoedema, in 
%Yhieh a re-formation of the connective tissue of the skin takes place, the 
quantity of mucoid is also increased. 

Tlie connective tissue and also the elastic tissue are richer in water and 
poorer in solids in young animals as compared \vith full-grown animals. This 
may be seen from the following analyses of the Achilles tendon (Buerger 
and Gies) and of the ligamentiim nuchag (Vandegrift and Gies 


Achilles tendon. 

Ligament. 

■ Cali. . 



Water 

. 675 

1 

p. m. 

628.7 p.m. 

651. Op. m. 

575.7 p. m 

Solids 

. 324 

9 


371.3 “ 

394.0 

424.3 “ 

Organic bodies. . . . 

. 318 

4 

t i 

366.6 “ 

342.4 

419.6 

Inorganic bodies . 

. G 

1 

It 

■ 4;7 - W: ,. , 

G.G 

4.7 

Fat".. ..... . 




10.4 “ 

■ .( c ■ 

11.2 

Proteid 




2.2 


6.16 '' 

Mucoid 




12.83 '' 


5.25 “ 

Elastin ; '.O' 




16.33 


316.70 '' 

Collairen 




315.88 


72.30 

Extractives, etc . . , 

. . . , 



8,96 


7.99 


In regard to the mineral bodies it must be remarked that according to 
the determinations of H. Schulz^ the connective tissue is rich in silicic 
acid. The greatest amount was found by him in the ciystalline lens of 
the ox, namely, 0.5814 gram per kilo of dried substance. In man he found 

^PEuger's Arch., 84 and 80. ’ , ^ ...--A:/:. 
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0.0637 gram in the tendons, 0.1064 gram in the fascia, and 0.244 gram in 
Wharton^s Jelly for every kilo of dried substance. The quantity of silicic ' . ^■■1 

acid is higher in the youngvthan in the , old; in man it is highest in the' ' 

‘embryonic., connective tissue’ of the ' umbilical cord.. In the last-named 
.substance: Schulz found also 0.403, gram Fe 203 , 0.693. gram MgO, 3.297' . 
grams;,OaOj anid ,3.794 grams P 2 O 5 for every kilo of dried substance. 

II. Cartilage. 

Cartilaginous tissue consists of cells and an original hyaline matrix, 
which, however^ may become changed in such wuse that there appears in it j 

a network of elastic fibres or connective-tissue fibrils. ; 

Those cells that offer great resistance to the action of alkalies and - 

acids have not been carefully studied. According to former views, the j 

matrix was considered as consisting of a body analogous to collagen, i 

so-called chondrigen. The recent investigations of Morocho'WETz and 
others, but especially those of C. Morner,i have shown that the matrix of 
the cartilage consists of a mixture of collagen with other bodies. I 

The tracheal, thyroideal, cricoidal, and ar^denoidal cartilages of full- 
grown cattle contain, according to Morneb, foiu constituents in the matrix^ 
namely, chondromucoidj chondroitin-milphunc acid, collagen, and an alhur- 
mmoid* 

Chondromucoid. This body, according to Morner, has the composi- 
tion C 47.30, H 6.42, N 12.58, S 2.42, 0 31.28 per cent. Sulphur is in part 
loosely combined and may be split off by the action of alkalies, and a part 
separates as sulphuric acid when boiled with hydrochloric acid. Chondro- 
mucoid is decomposed by dilute alkalies and yields alkali albuminate, 
peptone substances, chondroitin-sulphuric acid, alkali sulphides, and 
some alkali sulphates. On boiling with acids it yields acid albuminate, 
peptone substances, chondroitin-sulphuric acid, and on account of the 
further decomposition of this last body, sulphuric acid and a reducing 
substance are formed. 

Chondromucoid is a white, amorphous, acid-reacting pow^der which is 
insoluble in water, but dissolves easily on the addition of a little alkali. I 

This solution is precipitated by acetic acid in great excess and by small 
quantities of mineral acids. The precipitation may be retarded by neutral 
salts or by chondroitin-sulphuric acid. , The solution containing NaCl and 
acidified with HCl is not precipitated by potassium ferrocyanide. Precipi- 
tants for chondromucoid are alum, ferric chloride, sugar of lead, or basic 
lead acetate. Chondromucoid is not precipitated by tannic acid, and it. 


* Morochowetz, Verhandl. d.,naturh. med. m Heidelberg, 1, Heft 5’, Morner, 

Bkand, Arch, f. Physiol.;,!:. ’ \ ^ \ ^ ^ - J 
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may by its presence prevent the precipitation of gelatine by this acid. It 
gives the usual color reactions for proteins, namely,' with nitric acid, with 
copper .sulphate' and alkali, with Millon’.s and Abamkiewicz^s reagents. 

■ Chondroitin-suiphtiric Acid, chondboitig acid. This acid, which, was 
■first., prepared pure from .cartilage by C. Moenee and identified 'by him aS: 
an ethereal sulphuric acid, occurs, according to Morneb, in all varie- 
ties of cartilage and also in the tunica intinia of the aort^a and as traces 
in the bone substance. K. Mornee has also found it in the ox-kidney 
and in human urine as a regular constituent. According to KbawivO%v, 
who found it in the cervical ligament of the ox, it combines with proteid, 
forming amyloid (see page 69), which explains the occurrence of this body 
in amyloid-degenerated livers, as observed by Oddi.^ The identity of the 
ethereal sulphuric acid occurring in liver amyloid with chondroitin-sul- 
phuric acid does not seem to be quite clear, according to the researches of 
Moneey. According to Levene,^ the glucothionic acid which is prepared 
from tendon mucoid and which gives the orein reaction for glucuronic acid, 
and yields furfurol on distillation with hydrochloric acid, is not identical 
with the chondroitin-sulphuric acid, but is probably related thereto. 

Chondroitin-sulphuric acid has the formula C1SH27NSO17, according to 
ScHMiEDEBEEG.'^ As primary products this acid yields on cleavage sulphuric 
acid and a nitrogenous substance, according to the following 

equation: 

C18H27NSO17 +H20 = H2S04 + Ci 8H27N0 i 4. 

Chondroitin, 'which is similar to gum arable and which is a monobasic acid, 
yields acetic acid and a new nitrogenous substance, chondrosin^ as cleavage 
products, on decomposition with dilute mineral acids; 

C18H27NO14 -f 3H2O = 3C2H4O2 4- Cl 2H21 NOi 1 . 

Chondrosin, which is also a gummy substance soluble in water, is a mono- 
basic acid and reduces copper oxide in alkaline solution even more strongly 
than dextrose. It is dextrogyrate and represents the reducing substance 
obtained by previous investigators in an impure form on boiling cartilage 
with an acid. The products obtained on decomposing chondrosin with 
barium hydrate tend to show, according to Schmiebebeeg, that chondro- 
sin contains the atomic groups of glucuronic acid and glucosamine. This 
assumption does not seem to have sufScient foundation. According to 
Oglee and Neubeeg,^ chondrosin does not give the orein test nor does 

Morner, 1. c., and Zeitschr. i. physiol Chem., 20 and 2^; K. Morner, Skand* 
Arch. f. Physiol, 6; Krawkow, Arch. f. exp. Path. u. Pharm., 40; Oddi, ihid,^ SS. , 

2 Mon^ry, Compt. rend. soc. biol, 54; Levene, Zeitsehr. f. physiol Chem., SO. r 
® Arch. 1 exp. Path. u. Pharm., 28. ' . 1 , ' V 

^Zeitschr. f. physiol Chem., S7.. - / v'- 
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it yield furfuroL It contains neither glucuronic acid nor glucosamine, and 
on .cleavage with baryta it yields, besides a carbohydrate , complex which 
'has not been studied, an oxy amino-acid having the formula CeHiaOeN; 
also a hexosamine acid or tetraoxyaminocaproic acid. 

Choiidroitin-siilphiiric acid appears as a white amorphous powder. 

■ which' dissolves V easily in water, forming an acid solution and; when 
sufficiently concentrated, a sticky liquid similar to a solution of gum arabic. 
Nearly ail of its salts are soluble in wrater. The neutralized solution is 
precipitated by tin chloride, basic lead acetate, neutral, ferric chloride, 
and by alcohol in the presence of a little neutral salt. The solution, on 
the other hand, is not precipitated by acetic acid, tannic acid, potassium 
ferrocyanide and acid, sugar of lead, mercuric chloride, or silver nitrate. 
Acidified solutions of alkali chondroitin-suiphates cause a precipitation 
when added to solutions of gelatine or proteid. 

Chondromucoid and chondroitin-sulphurie acid may be prepared, accord- 
ing to Mornee, by extracting finely cut cartilage with water, which dis- 
solves the preformed chondroitin-sulphurie acid besides some chondro- 
mucoid. In this w^'atery extract, the chondroitin-sulphurie acid prevents 
the precipitation of the chondromucoid by means of an acid. If 2-4 p. m. 
HCi is added to this watery extract and warmed on the w-ater-bath, the 
chondromucoid gradually separates, while the chondroitin-sulphurie acid 
and the rest of the chondromucoid remain in the filtrate. If the cartilage, 
which has been lixiviated with water, at the temperature of the body, is 
extracted with h^^drochloric acid of 2-3 p. m. until the collagen is con- 
verted into gelatine and dissolved, the remaining chondromucoid may be 
removed from the insoluble residue by dilute alkali and precipitated from 
the alkaline extract by an acid. It may be purified by repeated solution 
in \yater with the aid of a little alkali, and precipitation with an acid, and 
then finally by extraction with alcohol and ether. 

The pre-existing chondroitin-sulphurie acid, or that formed by the 
decomposition of chondromucoid, is obtained by lixiviating the cartilage 
with a 5 per cent caustic-alkali solution. The alkali albuminate formed 
by the decomposition of the chondromucoid can be removed from the 
solution by neutralization, then the peptone precipitated by tannic acid, 
the excess of this acid removed with sugar of lead, and the lead separated 
from the filtrate by H 2 S. If further purification is necessary, the acid is 
precipitated with alcohol, the precipitate dissolved in water, this solution 
dialyzed and precipitated again with alcohol, — ^this solution in w^ater and 
precipitation with alcohol being repeated a few times, — and lastly the acid 
is treated with alcohol and ether. 

ScHMiEDEBEEG prepared the acid from the septum narium of the pig 
according to the foliowdng method: The finely divided cartilage is first 
exposed to artificial peptic digestion j then carefully washed wdth water 
and the insoluble residue treated with 2-3 per cent hydrochloric acid. 
This cloudy liquid containing hydrochloric acid is precipitated with alcohol 
(about J voL) and the clear filtrate treated with absolute alcohol and 
some ether. The piecii:atate, eonmstmg chiefly of a combination or a 
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mixture, of xh'ondroitiii-sulpiiuric acidand gelatine peptone (peptocliondrin), 
is first wasiie:d with alcohol and then with \¥ater. It is then dissolved in 
alkaline water and the basic alkali compound precipitated from this 
solution by the addition of alcohol, whereby the gelatine-peptone alkali 
remains in soliit.ioii. The precipitate is purified by repeated solution in 
alkaline water., and precipitated by 'aicohoi.. To obtain .chondroitin-sul- 
pliuric acid eiitirel}^' free . from chondroitin ■■ it is more advantageous, to,' 
prepare .the potassium-copper compound of the acid from the alkaline 
solution by the alternate addition of copper acetate and caustic potash 
and precipitation' with alcohoL ' The., reader is referred to the original 
article for more details and also for Oddi’s method. 

The collagen of the cartilage gives, according to Mobner, a gelatine wEich 
contains only 16.4 per cent N and which can hardly be considered identical 
with ordinary gelatine. 

In the above-mentioned cartilages of full-grown animals the cbondroitin- 
sulphiiric acid and chondromiicoid, perhaps also the collagen, are found 
surrounding the cells as round balls or lumps. These balls (M5rner’s 
chondrin-haLls)^ which give a blue color with methyl-violet, lie in the meshes 
of a trabecular structure, which is colored when brought in contact with 
tropaeolin. 

The alhiminoid is a nitrogenized body which contains loosely com- 
bined sulphur. It is soluble wdth difficulty in acids and alkalies and 
reseml^les keratin in many respects, but differs from it by being soluble 
in gastric juice. In other respects it is more similar to eiastiii, but differs 
from this substance by containing sulphur. This albuminoid gives the 
color reactions of the protein bodies. 

The preparation of cartilage gelatine and the albuminoid may be per- 
formed according to the following method of Mobner: First remove the 
chondromucoid and chondroitin-sulphuric acid by extraction with dilute 
caustic potash (0.2“0.5 per cent), remove the alkali from the remaining 
cartilage by water, and then boil wfith water in a Papin’s digester. The 
collagen passes into solution as gelatine, while the albuminoid remains 
undissolved (contaminated by the cartilage-cells). The gelatine may be 
purified precipitating with sodium sulphate, which must be added to 
saturation in the faintly acidified solution, redissolving the precipitate in 
water, dialyzing well, and precipitating wdth alcohoL 

According to Mobner, no albuminoid is found in young cartilage, but 
only the three first-mentioned constituents. Nevertheless the young carti- 
lage contains about the same amounts of nitrogen and mineral substances 
as the old. The cartilage of the ray {Raja bails Lin.), which has been 
investigated by Lonnbebg,^ contains no albuminoid and only a little 
chondromucoid, but a large proportion of cliondroitin-sulj)huric acid and 
collagen. ' ' _ ; 

^ Maly’s .Jahresber., 10,-326. 
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According to Pflugeh and Handel,^ glycogen occurs to a slight extent 
in all matrices, and of these it is richest in the cartilage. Tendons, liga- 
ment um nuch^, and cartilage of the ox contained 0.06, 0.07, and 2.17 p. iii. 
glycogen respectively (Handel). 

Hoppe-Sbyler found in fresh human rib-cartilage 676.7 p. m. water, 

301.3 p. m. organic and 22 p. m. inorganic substance, and in the cartilage 
of the knee-joint 735.9 p. m. water, 248.7 p. m. organic and 15.4 p. m. 
inorganic substance. Pickardt found 402-574 p. m. water and 72.86 p. m. 
ash (no iron) in the laryngeal cartilage of oxen. The ash of cartilage con- 
tains considerable amounts (even 800 p. m.) of alkali sulphate, which 
probably does not exist originally as such, but is produced in great part by 
the incineration of the chondroitin-sulphuric acid and the chondromueoid. 

The analyses^ the ash of cartilage therefore cannot give a correct idea of 
the quantity of mineral bodies existing in this substance. The cartilage 
is richest in sodium of all the tissues of the body, and according to Bunge ^ 
the amoimt of Na and Cl is greatest in young animals. In 1000 parts of 
cartilage dried at 120*^ C., Bunge found 9E26 parts Na20 in the shark, 33.98 
in the ox embryo, 32.45 in a fourteen-day-old calf, and 26.4 in a ten-weeks- 
old calf. 

The Cornea. The corneal tissue, which is considered by many investi- 
gators to be related to cartilage ,in a chemical sense, contains traces of 
proteid and a collagen as chief constituent, which C. Morneb^ claims 
contains 16.95 per cent N. According to him it also contains a mucoid 
which has the composition C 50.16, H 6.97, N 12.79, and S 2.07 per cent. 

On boiling with dilute mineral acid this mucoid yields a reducing sub- 
stance. The globulins found by other investigators in the cornea are not 
derived from the matrix, according to Morner, but from the layer of 
epithelium. According to Morner, Descemet's membrane consists of 
membranin (page 69), Tvhich contains 14.77 per cent N and 0.90 per cent S. 

In the cornea of oxen His ^ found 758.3 p. m. water, 203.8 p. m. gelatine- I 

forming substance, 28.4 p. m. other organic substance, besides 8.1 p. m. ! 

soluble and 1.1 p. m. insoluble salts. " i 

The bony structure proper, when free from other formations occurring ' ! 

in bones, such as marrow, nerves, and blood-vessels, consists of cells and a ; 

matrix. , , . 

‘ ^ Pfliiger^s Arch., 92; Handel, ibid, 

^ Hoppe-Seyler, cited from Kixhne^s Lehrbuch d. physiol. Chem., 387; Pickardt, 

Centralbl. f. Physiol., 6, 735; Bunge, Zeitschr. f. physiol. Chem., 28. 

® Zeitscbr. f. physiol. Chem,, 18. . . 

Cited from Gamgee, PhyripL Chemv, 1880, 451; < . , , . . ■ / > 
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The cells hare not been closely studied in regard to their chemical con- 
stitution. On boiling with water they yield no gelatine. They contain no 
keratin, which is not , usually present in .the bony structure .(Hbebert 
Smith ^). 

The matrix of the bony structure contains two chief constituents, 
namely, an organic substance, and the so-called hone-earths. lime-salts, 
enclosed in or combined with it. If bones are treated with dilute hydro- 
chloric acid at tlie ordinary temperature, the lime-salts are dissolved and 
the organic substance remains as an elastic mass, preserving the shape 
of the bone. 

The organic matrix consists chiefly of ossein, which is generally con- 
sidered as identical with the collagen of the connective tissue. It also 
contains, as Haw-k and Gies ^ have shown, mucoid and albuminoid. After 
the removal of the lime-salts by hydrochloric acid of 2-5 p. m. these experi- 
menters were able to extract the mucoid by one-half saturated lime-'water 
and to precipitate it with 2 p. m. hydrochloric acid. After the removal 
of the osseomucoid and collagen (by boiling with water) they obtained 
the albuminoid as an insoluble residue. 

The osseomucoid on boiling with hydrochloric acid yielded a reducing 
substance and sulphuric acid, 1.11 per cent sulphur appearing in this 
form. The osseomucoid stands close to the chondro- and tendon mucoid 
in elementary composition, as may be seen from the following analyses: 

c H N s o 

Osseomucoid 47.43 6.63 12.22 2.32 31.40 (Hawk and Gies) 

Cbondroniucoid. , . 47.30 6.42 12.58 2.42 31.28 (C, MoRNEr) 

Tendon mucoid. . . 48.76 6.53 11.75 2.33 30.60 (Chittenden and Gies) 

Corneal mucoid. . 50.16 6.97 12.79 2 . 07 28 . 01 (C. Morner) 

The osseoalbuminoid is insoluble in 2 p. m, hydrochloric acid and in 5 p. m. 
Xa 2 C 03 , but dissolves in 10 per cent KOH with the formation of albumin- 
ates. The composition of chondro- and osseoalbuminoid is as follows: 


c H N s o 

Osseoalbuminoid 50.16 7.03 16.17 1.18 25.461 Hawk and 

Cbondroaibuminoid 50,46 7.05 14.95 1.86 25.68/ Gies 


The inorganic constituents of the bony structure, the so-called hone- 
earths, -which after the complete calcination of the organic substance 
remain as a white, brittle mass, consist chiefly of calcium and phosphoric 
acid, but also contain carbonic acid and, in smaller amounts, magnesium, 
chlorine, and fluorine. Alkali sulphate and iron, which have been found 
in bone-ash, do not seem to belong exactly to the bony substance, but to 
the nutritive fluids or to the other constituents of bones. :The traces of 


^ Zeitschr. f. Biologje, 19.‘ ^ of /Physiol., 7., 
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sulphate occurmig in the bone-ash are derived, according to Mo knee, ^ 
from the chondroitin-sulphuric acid. According to Gabkiel^ potassium 
and sodium are essential constituents of bone-earth, and this has been 
substantiated by Aron.^ 

The opinions of investigators differ somewhat as to the manner in which 
the mineral bodies of the bony structure are combined with each other. 
Chlorine is present in the same form as in apatite (CaCl2,3Ca3P2G8). If 
we eliminate the magnesium, the chlorine, and the fluorine, the last, accord- 
ing to Gabriel, occurring only as traces, the remaining mineral bodies form 
the combination 3(Ca3P208)CaC03. According to Gabriel the simplest 
expression for the composition of the ash of bones and teeth is (Ca 3 (P 04)2 + 
CasHPsOish Aq), in which 2-3 per cent of the lime is replaced by magnesia, 
potash, and soda, and 4-6 per cent of the phosphoric acid by carbonic acid, 


chlorine, and fluorine. 

Analyses of bone-earths have shown that the mineral constituents exist 
in rather constant proportions, which are nearly the same in different animals. 
As an example of the composition of bone-earth we here give the analyses 
of Zalesky.^ The figures represent parts per thousand. 


Calcium combined with COo, FI, and Cl. . 

CO, 

Chlorine 

Fluorine 


Man. 

Ox. 

Tortoise. 

Guinea-pig. 

838.9 

860.9 

859.8 

873.8 

10.4 

10.2 

13.6 

10.5 

76.5 

73.6 

63.2 

70.3 

57.3 

62.0 

52.7 


1.8 

2.0 


'i/.3 

2.3 

3.0 

‘ ‘2.'6 



Some of the CO 2 is always lost on calcining, so that the bone-ash does not 
contain the entire CO 2 of the bony substance. 

Ad. Carnot ^ found the following composition for the bone-ash of man, 
ox, and elephant: 


Calcium fluoride. 
Calcium chloride. 


Iron oxide . 


Man 


Ox. 

Elephant. 

Femur 

(body). 

Femur 

(head). 

Femur. 

Femur. 

874.5 

878.7 

857.2 

900.3 

15.7 

17.5 

15.3 

19.6 

3.5 

3.7 

4.5 

■ /:4.,7'v 

2.3 

3.0 

3.0 

2.0 

101.8 

92.3 

119.6 

72.7 

1.0 

1.3 


1.5 


The quantity of organic substance in the bones, calculated from the loss 
of weight in burning, varies somewhat between 300 and 520 p. m. This 

^ Zeitschr. i. physiol Cliem., 2S. 

2 Gabriel, ibid,, 18, which ako contains the pertinent literature ; Aron, Pfliiger’s 
® Hoppe-Seyier, Med.-chem. Untersuch., 19. 

^The statements as to the quantity of fluorine are contradictory; see Harms, 
Zeitschr. f. Biologie, 38; Jbdblauer, ■ 
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,:V:a:riatioii may in part 'be 'explained 'by the difficulty in obtaining t-he bony 
substance entirely free' from water' and partly by the very variable amount '' 
of blood-vessels, nerves, marrow, and the like in different bones. The 
unequal amounts of 'organic substance found in the compact .and in the 
spongy parts of the same^ bone, as. well as,; in bones at, diffe.re,nt periods 
..of ; development in the same, animal, depend ' probably upon the, varying 
quantities of these above-mentioned tissues. ' which .is compara- 

.t.ively pure bony structure, contains only 260-280 p. m. organic substance, 
and Hoppe-Seyler, ^ therefore thinks.it 'probable that perfectly pure bony" 
substance has a constant composition and contains only about 250 p. m. 
organic substance. The question whether these substances are chemically 
combined with the bone-eaiihs or only intimately mixed has not been 
decided. 

The nutritive fluids which circulate through the bones have not been isolated, 
and we only know that they contain some protein and some NaCl and alkali 
sulphate. The yellow marrow contains chiefly fat, which consists of olein, pal- 
mitin, and stearin, and which differs from the fat of the other parts of the body 
by having a. higher acetyl equivalent (Zink ^). Protein has been found especially 
in the so-called red marrow of the spongy bones. According to Forrest, the 
protein consists of a globulin coagulating at 47-50° C. and a nucleoalbumin 
with 1.6 per cent phosphorus (Halliburton ®), besides traces of albumin. Besides 
this the marrow contains so-called extractive bodies, such as lactic acid, hypo- 
xanthine, and ehoiesterin, but mostly bodies of an unknowm character. 

The diverse quantitative composition of the various bones of the skele- 
ton depends probably on the varying quantities of other tissues, such as 
marrow, ])lood-vessels, etc.,, which they contain. The same reason explains, 
to all appearances, the larger quantity of organic substance in the spongy 
pai-t s of the bones as compared with the more compact parts. Schrobt ^ 
has made comparative analyses of different parts of the skeleton of the 
same animal (dog) and has found an essential difference. The quantity of 
water in the fresh bones varies between 138 and 443 p. m. The bones of 
the extremities and the skull contain 138-222, the vertebrjB 168-443, and 
the ribs 324-356 p. m. water. The quantity of fat varies between 13 and 269 
p. m. The largest amount of fat, 256-269 p. m., is found in the long tubular 
bones, while only 13-175 p. m. fat is found in the small short bones. The 
quantity of organic substance, calculated from fresh bones, was 150-300 
p. m., and the quantity of mineral substances 290-563 p. m. Contrary to 
the general supposition the greatest amount of bone-earths was not found in 
the femur, but in the first three cervical vertebrae. In birds the tubular 
bones are richer in mineral substances than the flat bones (DtiRiNo), and 

^Physiol. Chem,, 102-104. -.-A ' , ■ 

^ See Ciiem. Centralbl;, 1897, 1, 296. ■ ^ ^ : ' ' • ^ / 

® Forrest, Journ. of Physiol, 17; Halliburton, ibid., IS, ' •; \ ' 

Cited from Malyhs Jahr^sber.,^ 6. \ ' 
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the greatest quantity of .mineral .bodies' has been found in the humerus 
'(HilleR; Dueing ^). 

We do not possess trustworthy statements in regard to the composition 
of bones at different ages. The analyses by E. Voit of bones of dogs and 
.by Bkubagher of ..bones of .children apparently indicate that the skeleton 
becomes poorer in water and richer in ash with increase in age. Graffen- 
BERGER 2 has found in rabbits 61-7 J years old that the bones contained only 
140-170 p. m. watery while the bones of the full-grown rabbit 2-4 y^eai^s old 
contained 200-240 p. m. The bones of old rabbits contain more carbon 
dioxide and less calcium phosphate. 

The composition of bones of animals of different species is but little known. 
The bones of birds contain, as a rule, somewhat more water than those of mam- 
malia, and the bones of fishes contain the largest quantity of water. The bones 
of fishes and amphibians contain a. greater amount of organic substance. The 
bones of pachyderms and cetaceans contain a large proportion of calcium carbo- 
nate; those of granivorous birds always contain silicic acid. The bone-ash of 
amphibians and fishes contains sodium sulphate. The bones of fishes seem to 
contain more soluble salts than the bones of other animals. 

A great many experiments have been made to determine the exchange of 
material in the bones — ^for instance, with food rich in lime and with food 
deficient in lime — but the results have always been doubtful or contradic- 
tory. The attempts, also, to substitute other alkaline earths or alumina for 
the lime of the bones have given contradictory results,^'^ On feeding suffi- 
cient calcium and phosphorus in the food Aron found, by strongly reducing 
the sodium and at the same time giving a large amount of potassium, that 
the development of the bones was below normal. On the administration 
of madder the bones of the animal are found to be colored red after a few 
days or weeks; but these experiments have not led to any positive con- 
clusion in regard to the growth or metabolism in the bones. 

Under pathological conditions, as in rachitis and softening of the bones, 
an ossein has been found which does not give any typical gelatine on boiling 
W'ith water. Othenvise pathological conditions seem to affect chiefly the 
quantitative composition of the bones, and especially the relationship 
bet^veen the organic and the inorganic substance. In exostosis and osteo- 
sclerosis the quantity of organic substance is generally increased. In 
rachitis and osteomalacia the quantity of bone-earths is considerably 
decreased. Attempts have been made to produce rachitis in animals by 
the use of food deficient in lime. From experiments on fully developed 

^Hiller, cited from Maly's Jahr^sber., 14; During, Zeitschr, f, physiol. Chem,, 2S. 

2 Voit, Zeitschr. f. Biologie, 16; Brubacher, 27; Graff enberger in Maly's 
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animals . contradictory results- have been obtained. . In young, imdeveloped 
animals,, Erwin, Voit^ produced, by lack of' lime-salts,. a change' similar. to 
raciiiti-s. In full-grown animals, the bones were changed after a long time 
because of the lack of iime-salts in the food, but did not become soft, only 
thinner (osteoporosis). ' The attempts to remove the lime-salts from .the, 
bo.nes'by the addition of lactic acid to the food have led to no positive 
results (Heitzmann,. H.EISS,,, Baginsky^). Weiske, on the contrary, has 
shown, by administering dilute sulphuric acid or monosodium phosphate 
with the food (presupposing that the food gave no alkaline ash) to sheep 
and rabbits, that the quantity of mineral bodies in the bones might be 
diminished. On feeding continuously for a long time with a food which 
yielded an acid ash (cereal grains), Weiske has observed a diminution in 
the mineral substances of the bones in full-grown herbivora.^ A few inves- 
tigators are of the opinion that in rachitis, as in osteomalacia, a solution 
of the lime-salts by means of lactic acid takes place. This -was suggested 
b}' the fact that 0. Weber and C. Schmidt^ found lactic acid in the cyst- 
like, altered bony substance in osteomalacia. 

Well-known investigators have disputed the possibility of the lime- 
salts being washed from the bones in osteomalacia by means of lactic 
acid. The}" have given special prominence to the fact that the lime-salts 
held in solution by the lactic acid must be deposited on neutralization of 
the acid by the alkaline blood. This objection is not very important, as 
the alkaline blood-serum has the property to a high degree of holding earthy 
phosphates in solution, which fact can be easily proved. The investiga- 
tions of Levy ^ contradict the statement as to the solution of the lime-salts 
by lactic acid in osteomalacia. He has found that the normal relationship 
6 PO 4 : 10 Ca is retained in all parts of the bones in osteomalacia, which 
would not be the ease if the bone-earths were dissolved hj an acid. The 
decrease in phosphate occurs in the same quantitative relationship as the 
carbonate, and according to Levy, in osteomalacia the exhaustion of the 
bone takes place by a decalcification in which one molecule of phosphate 
car] lontite after the other is removed. 

In rachitis the quantity of organic matter has been found to vary between 664 
and Sil p. m. The quantity of inorganic substance was 1S9--336 p. m. These 
figures refer to the dried substance. According to Brubacher, rachitic bones 
are richer in water than the bones of healthy children, and poorer in mineral 


^ Zeitschr. f. Biologic, 10. 

2 Heitzmann, Maly’s Jahresber., S/229,; Heiss, Zeitschr. f. Biologic, 12; Baginsky/ 

See Maly’s Jahresber., 22;' also 'Weiske, Zeitschr. f. physioL^ Chem., 20, and 

^ Cited from v. Gorup-Besanez, Lehrb. d. physiol. Chem., 4. Aiifi. ; 

® Zeitschr. f. physiol. Chem., 10 . 
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bodies^ especially calcium phosphate. In opposition to rachitis, osteomalacia 
is often characterized by the considerable amount of fat in the bones, 230-290 
p. 111. ; but as a rule the composition varies so much that the analyses are of little 
value. In a case of osteomalacia, Chabrie ^ fomid a larger quantity of magne- 
sium than calcium in a bone. The ash contained 417 p. in. phosphoric acid, 222 
p. m. lime, 269 p m. magnesia, and 86 p. m. carbon dioxide. Other investigators 
have on the contrary found considerably more calcium than magnesium. 

The tootJi-stmcture is nearly related, from a chemical standpoint, to 
the bony structure. 

Of the three chief constituents of the teeth — dentin, enamel, and 
cement— the cement h to be considered as true bony structure, and as 
such has already been discussed to some extent. Dentin has the same 
composition as the bony structure, but contains somewhat less water. The 
organic substance yields gelatine on boiling; but the dental tubes are 
not dissolved, therefore they cannot consist of collagen. In dentin 260-280 
p. m. organic substance has been found. Enamel is an epithelium forma- 
tion containing a large proportion of lime-salts. Corresponding to its 
character and origin, the organic substance of the enamel does not yield 
any gelatine. Completely developed enamel contains the least water, the 
greatest quantity of mineral substances, and is the hardest of ail the tissues 
of the body. In full-grown animals it contains hardl}^ any water, and the 
quantity of organic substance amounts to only 20-40-68 p. m. The rela- 
tive amounts of calcium and phosphoric acid are, according to the analyses 
of Hoppe-Seyler, about the same as in bone-earths. The quantity of 
chlorine according to Hoppe-Seyler is remarkably high, 0.3-0.5 per cent, 
while Bertz^ found that the ash of enamel was free from chlorine and 
that dentin was very poor in chlorine. 

Carnot,® who has investigated the dentin from elephants, has found 4.3 p. m. 
calcium fluoride in the ash. In ivory he found only 2 p. m. Dentin from 
elephants is rich in magnesium phosphate, which is still more abundant in ivory. 

According to Gabriel the amount of fluorine is very small and amounts 
to 1 p. m. in ox-teeth. It is no greater in the teeth and enamel than in 
the bones.^ The same investigator found that the amount of phosphates is 
strikingly small in the enamel, and in the teeth considerable lime is 
replaced by magnesia.' This coincides with Beetz's findings, that dentin r 
contains twice as much magnesia as the enamel. 


^ Chabrie, Les phenomenes chim. deVossification, Paris, 1895, 65. 
^ See Maly’s Jahresber., 80. 

® Gompt. rend., 114. 

* See foot-note 4, p. 436. , “ 
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The , membranes of the fat-celis withstand the action of alcohol and 
ether. They are not dissolved by acetic acid nor by dilute mineral acids^ 
but are dissolved by artificial gastric juice. They may possibly consist of'^ a 
substance ' closely . related to elastin. The fat-celis contain, besides fat, a 
yellow pigment which in, emaciation does not disappear so rapidly as the 
fat; and this is the reaso.n that the subcutaneous cellular tissue of an 
emaciated corpse has a dark orange-red ^ color. The cells deficient in or 
nearly free from fat, which remain after the complete disappearance of the 
latter, seem to have an albuminous protoplasm rich in water. Adipose 
tissue is rich in a fat-splitting enzyme and in catalases (see Chapter I). 

The less water the fatty tissue contains the richer it is in fat. Schulze 
and Reinecke ^ found in 1000 parts 


Fatty tissue of oxen. 

sheep. 


Water. Membrane. Fat. 

99.7 16.6 883.7 

104.8 16.4 878.8 

64.4 13.6 922.0 


The fat contained in the fat-cells consists chiefly of triglycerides of 
stearic, palmitic, and oleic acids. Besides these, especially in the less solid 
kinds of fats, there are glycerides of other fatty acids (see Chapter IT). 
In all animal fats there are besides these, as Fb. Hofmann ^ has shown, 
also free, non-volatile fatty acids, although in very small amounts. 

Human fat is relatively rich in olein, the quantity in the subcutaneous 
fatty tissue being 70-80 per cent or more.^ In new-born infants it is poorer 
in oleic acid than in adults (Knopfelmacher, Siegebt, Jaecicle); the 
quantity of olein increases until the end of the first year, when it is about 
the same as in adults. The composition of the fat in man as well as in 
different individuals of the same species of animals is rather variable, a 
fact which is probably dependent upon the food. According to the 
researches of Henbiques and Hansen the fat of the subcutaneous fatty 
tissue is richer in olein than that of the internal organs; this has also been 
observed by Leick and Winkler.^ In animals with a thick subcutaneous 
fat deposit the outer layers, according to Henbiques and Hansen, are 
richer in olein than the inner layers. The fat of cold-blooded animals is 
especially rich in olein. The fat of domestic animals has, according to 

^ Luclwig-Festschrift, 1874, Leipzig. ' . 

®See Jaeckle, Zeitschr. f. physiol. Chem., 36 (literature). 

^Knopfelmacher, Jahrbuch f. Kinderheilkunde fN. F.), 45 (older literature); 
Siegert, liofineister's Beitrage, 1; Jaeckle, Zeitschr. f. physiol. Chem,, 36 (literature); 
Henriques and Hansen, Skand. Arch..h';PhysioLj Tl,;/ Leick and- Winkler,' Arch. L 
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Amthoe and Zink, a less oily consistency 'and a lower dodine and acetyl 
equivalent than the corresponding fat of wild animals. Under pathological 
conditions the fat may have a markedly pronounced variation. The fat 
of lipoma seems, according to Jaeckle, to be poorer in lecithin than other 
fats. 

The properties of fats in general, and the three most important varieties 
of fat, have ah-eady been considered in a previous chapter, hence the forma- 
tion of the adipose tissue is of chief interest at this time. 

The formation of fat in the organism mQ.j occur in various ways. The 
fat of the animal body may consist partly of fat absorbed from the food 
and deposited in the tissues, and partly of fat formed in the organism 
from other bodies, such as proteins or carbohydrates. 

That the fat from the food which is absorbed in the intestinal canal may 
be retained by the tissues has been shown in several ways. Radziejewski, 
Lebebepp, and Munk have fed dogs with various fats, such as linseed-oil, 
mutton-tallow', and rape-seed-oil, and have afterwards found the adminis- 
tered fat in the tissues. Hofmann starved dogs until they appeared to 
have lost their fat and then fed them upon large quantities of fat and only 
little proteins. When the animals were killed, he found so large a quantity 
of fat that it could not have been formed from the administered proteins 
alone, but the greater part must have been derived from the fat of the 
food. Pettenkoper and V oit arrived at similar results in regard to the 
behavior of the absorbed fats in the organism, though their experiments 
were of another kind. Munk has found that on feeding witu free fatty 
acids, these are deposited in the tissues, not, however, as such; but they 
are transformed by synthesis with glycerine into neutral fats on their pas- 
sage from the intestine into the thoracic duct. The connection between 
the fat of the food and of the body has also been shown by others, espe- 
cially by Rosenfeld. Coronedi and Marchetti and especially Winter- 
Ni'Tz ^ have recently showm that the iodized fat is taken up in the intestinal 
tract and deposited in the various organs. 

Proteins and carbohydrates are considered as the mother-substances of 
the fats formed in the organism. 

The formation of the so-called corpse-wax^ adipocere, which consists of 
a mixture of fatty acids, ammonia, and lime-soaps, from parts of the corpse 
rich in proteins, is sometimes given as a proof of the formation .of fats from 
proteins. The accuracy of this view has, however, been disputed, and 
many other explanations of the formation of this substance have been 
offered. According to the experiments of Kratter and K. B. Lehmann, 

^ Coronedi and Marchetti, cited by Wintemitz, Zeitschr. f. physiol. Chem., 24. 
A review of the literature on fat formation may be found in Eosenfeid, Fettbildung, 
In Ergebnisse der Fhysiolo^e, L. Abt. 
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it >seenis as' if it were possible . by experimental means to convert .animal 
tissue' rich in proteins (muscles) into adipocere by the continuous action 
of water. .'Irrespective of this,- Salkowski has shown I’ecentiy that in 
the formation of adipocere the fat itself takes part., in that the olein decom- 
poses with tile foimation of solid fatty acids; still it must he considered 
tiuit lower organisms undoubtedly take part in its formation. The pro- 
duction of adipocere as a proof of the formation of fat from proteins is 
disputed hy man}' investigators for this and other reasons. 

Fatty degeneration has been considered as another proof of the forma- 
tion of fat from proteins. From the investigations of Bauer on dogs and 
Leo on frogs it tvas assumed that, at least in acute poisoning by phos- 
phorus, a fatty degeneration, with the formation of fat from proteins, 
takes place. Pfluger has raised such strong arguments against the older 
researches as well as the more recent one of Polimanti, who claims to 
have shown the formation of fat from proteins in phosphorus poisoning, 
that we cannot consider the formation of fat as conclusively proved. 
Recent investigations of Athanasiu, Taylor, vSchwalbb, and others, 
especially of Rosenfeld,^ have made it probable that in these instances no 
now formation of fat from protein took place, but rather a fat migration 
(Rosenfelb). 

Another more direct proof for the formation of fat from proteins has 
been given by Hofmaxn. He experimented wdth fly-maggots. A num- 
ber of these were killed and the quantity of fat determined. The remainder 
w'ere allowed to develop in blood whose proportion of fat had been previ- 
ously determined, and after a certain time they were killed and analyzed. 
He found in them from seven to eleven times as much fat as was contained 
in the maggots first analyzed and the blood taken together. Pfluger^ has 
made tlie objection that a considerable number of lower fungi develop in 
the Idood under these conditions, in whose cell-body fats and carbohydrates 
are formed from the diiferent constituents of the blood and their decompo- 
sition products, and that these serve as food for the maggots. 

As a more convincing proof of fat formation from proteins, the investi- 
gations of PettenivOPEr and Voit are often quoted. These investigators 
fed dogs with large quantities of meat containing the least possible propor- 
tion of fat, and found all of the nitrogen in the excreta, but only a part of 
the carbon. As an explanation of these conditions it has been assumed that 
the protein of the organism splits into a nitrogenized and a non-nitrog- 
enized part, the former changing into the nitrogenized final product, 

^ Bauer, Zcitschr. t Biologie, '7;^ Leo, iSeitsohr. , f . physiol. Chem., 9; Polimanti, 
Pfliiger^s Arch., 70; Pfiiiger, ibid.^ 51 (literature on the formation of fat from protein) 
and 71; Athanasiu, ibid.^ 74; Taylor, Joum. Fxp. Medicine, 4; see also foot-note 1, 

p. 283. - . ■ ' _ T” ! 

® See Rosenfeld, Fettbildung, Ergebnisse der. Physiologic, 1, Abt. 1^., v' '-'‘V " ‘ 
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.urea, and like prod acts, and the latter, on the contrary, being ret aiiiecl, 
in the organism as fat (Pbt™n:kofer and Voit). 

Pfluceb has arrived at the following conclusion by an exhaustive 
criticism of Pbttbnkofer and Voit^s experiments and a careful recal- 
culation of their balance-sheet: that these very meritorious investigations^^ 
which were continued for a series of years, were subject to such great 
defects that they are not conclusive as to the formation of fat from pro- 
teins. He especially emphasizes the fact that these investigators started 
from a wrong assumption as to the elementary composition of the meat, 
and that the quantity of nitrogen assumed by them was too low and the 
quantity of carbon too high. The relationship of nitrogen to carbon in 
meat poor in fat was assumed by Voit* to be as 1: 3.68, while according to 
Pfluger it is 1; 3.22 for fat-free meat after deducting the glycogen, and 
according to Rubner 1 ;3.2S without deducting the glycogen. On recalcu- 
lation of the figures using these coefficients, Pfluger has arrived at the 
conclusion that the assumption as to the formation of fat from proteins 
finds no support in these experiments. 

In opposition to these objections, E. Voit and M. Cremer have made 
ne*w feeding experiments to show the formation of fat from proteins, but 
the proof of these recent investigations has been denied by Pfluger. On 
feeding a dog on meat poor in fat (containiiig a known quantity of ether 
extractives, glycogen, nitrogen, water, and ash), Kumagawa^ could not 
prove the formation of fat from protein. According to him the anima! 
body under normal conditions has not the power of forming fat from pro- 
tein. 

Several French investigators, especially Chauveau, Gautier, and 
Kaufmann, consider the formation of fat from proteins as positively proved. 
Katjb’mann has recently substantiated this view by a method which will 
be spoken of in detail in Chapter XVIII, in which he studied the nitro- 
gen elimination and the respirator}’^ gas exchange in conjunction with the 
simultaneous formation of heat. 

As we are agreed that carbohydrates and glycogen, as w’^ell as sugar, 
can be formed from proteins, the fact cannot be denied that possibly an 
indirect formation of fat from proteins, wdth a carbohydrate as an inter- 
mediate step, can take place. The possibility of a direct fat formation 
from proteins without the carbohydrate as intermediary must also be 
generally admitted, although such a formation has not been conclusively 
proved. 

According to Chauveau and Kaufmann, in the direct formation of fat 


^ See Rosenfeld, Fettbildung/Ergebnisse der Physiolode, 1, Abt. ]. 

^ Kaufmann, Arch, de physiol. (5) .S, where the works of Chauveau and Gautier 



FORMATION OF FAT* 


445 


from proteins the fat is formed, besides urea, carbon dioxide, and water, 
as an intermediary product in the oxidation of the proteins, while Gautiee 
considers the formation of fat from proteins as a cleavage without the tak- 
ing up of oxygen. If fat is formed from protein in the animal body, then 
such formation is not a splitting off of fat from the proteins, but rather a 
synthesis from primarily formed cleavage products of proteins which 
are deficient in carbon. 

The /omai^f on 0/ fat from carbohydrates in the animal bod}^ was first 
suggested by Liebig. This was combated for some time, and until lately it 
was the general opinion that a direct formation of fat from carbohydrates not 
only had not been proved, but also that it was improbable. The undoubt- 
edly great influence of the carbohydrates on the formation of fat as ob- 
served and proved by Liebig was explained by the statement that the 
carbohydrates were consumed instead of the absorbed fat or that derived 
from the proteins, hence they have a sparing action on the fat. By means of 
a series of nutrition experiments with foods especially rich in carbohydrates 
Lawes and Gilbert, Soxhlet, Tscheewinsky, Meissl and Steomer (on 
pigs), B. ScHULTZE, Chaniewsici, E. Voit and C. Lehmann (on geese), L 
Munk and Rubner and Lummert^ (on dogs) apparently prove that a 
direct formation of fat from carbohydrates does actually occur. The 
processes by which this formation takes place are still unknown. As the 
carbohydrates do not contain as complicated carbon chains as the fats, the 
formation of fat from carbohydrates must consist of a synthesis, in which 
the group CHOH is converted into CH2; hence a reduction must occur. 

Analogous to Nencki^s view as to the butyric-acid fermentation, when 
lactic acid is formed from the sugar and from this CO2H2 and acetaldehyde 
(C2H4O) are produced, and from this latter, by the union of two molecules, 
butyric acid is formed, so Magnus-Levy attempts to explain the forma- 
tion of fat in the animal body from carbohydrates by synthesis from 
aldehyde and reduction. He considers that the process proceeds in the 
follovvring way: (a) 9C3H603==9C2H40 + 9H2'f 9CO2 and (b) 9C2H40-f 7H2 
= CisE[ 3602 (stearic acid)-f7H20. 

After feeding with very large quantities of carbohydrates the relation- 
ship between the inspired oxygen and the expired carbon dioxide, i.e., the 
COo ' ' 

respiratory quotient was found greater than 1 in certain cases (Han- 

’ Lawes and Gilbert-, Phil Transactions, 1859, part 2; SoxWet, see Maly’s Jaliresber., 
IJ , 5! : Tscherwinsky, Landwirthsch. Versuchsstaat, 29 (cited from Maly’s Jahresber., 
IS); Meissl and Stroiner, Wien. Sitzungsber,, 88, Abt, 3; Schuitze, Maly’s Jahresber., 
It, 47 j Chaniewski, Zeitschr f. Biologic, 20; Voit and Lehmann, see G, f Voit, Sitz- 
imgsfoero d. k. bayer Akad. d. Wissensch.^ 1S85; , I, Monk, Virchow^s Arch., 101; 
Eubner, Zeitschr. f. Biologie, 22; Lummert, Pflliger’s Arch,, 71. 

‘Arch. L (Anat. u.) Physio!., 1901. 
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BIOT and Eichet, Bleibtreu,- Kauphann, Laulani^i ^). This is explained 
by the assumption that the fat is formed from the carbohydrate by a 
cleavage setting free carbon dioxide and water without taking up oxgen. 
This increase in the respiratory quotient also depends in party on the 
increased combustion of the carbohydrate. 

W contains an excess of fat the superfluous amount is stored 

up in the fatty tissue, and on partaking of food deficient in fat this accu- 
mulation is quickly exhausted; and it is very probable that the lipase is 
of importance here, as Loevbnhaet^ has found that all over the body 
where fat is deposited in large amounts lipase also occurs in considerable 
amounts. There is perhaps not one of the various tissues that decreases 
so much, in starvation as the fatty tissue. The organism, then, possesses 
in this tissue a depot where there is stored during proper alimentation a 
nutritive substance of great importance in the development of heat and 
vital force, which substance, on insufficient nutrition, is given up as may 
be needed. On account of their low conducting power, the fatty tissues 
become of great importance in regulating the loss of heat from the body. 
The}’' also serve to fill cavities and act as a protection and support to 
certain internal organs. 

^ Hanriot and Riehet, Annal. de Chim, et de Phys, (6), 2;^ Bleibtreu, Pfiiiger's 
Arch., 56 and 85; Kaufmann, Arch, de Physiol, (5), 8; Lauianie, ibid., 791. 

^ Amer. Journ. of Physiol, 6. 



CHAPTER XI, 


MUSCLES. 

Striated Muscles. 

In the study of the muscles the chief problem for physiological chem- 
istry is to isolate their different morphological elements and to investigate 
each element separately. By reason of the complicated structure of the 
muscles this has been thus far almost impossible, and we must be satisfied 
at the present time with a few microchemical reactions in the investi- 
gation of the chemical composition of the muscular fibres. 

Each muscle-tube and each muscle-fibre consists of a sheath, the sae- 
coLEMMA, which seems to be composed of a substance similar to elastin, 
and containing a large proportion of 'protein. This last, which in life pos- 
sesses the power of contractility, has in the inactive muscle an alkaline 
reaction, or, more correctly speaking, an amphoteric reaction with a pre 
dominating action on red litmus paper. Rohmann has found that the 
fresh, inactive muscle shows an alkaline reaction with red lacmoid, and an 
acid reaction with brown turmeric. From the behavior of these coloring- 
matters with various acids and salts he concludes that the alkalinity of 
the fresh muscle with lacmoid is due to sodium bicarbonate, diphosphate, 
and probably also to an alkaline combination of protein bodies, and the 
acid reaction with turmeric, on the contrary, to monophosphate chiefly. 
The dead muscle has an acid reaction, or, more correctly, the acidity with 
turmeric increases on the decease of the muscle, and the alkalinity with 
lacmoid decreases. The difference depends on the presence of a larger 
quantity of monophosphate in the dead muscle, and according to Rohmann 
free lactic acid is found in neither the one case nor the other.^ 

If the somewhat disputed statements relative to the finer structure of 
the muscles are disregarded, one can differentiate in the striated muscles 
between the two chief components, the doubly refracting — ardsotropoiis — 
and the singly refracting — isotropom — substance. If the muscular fibres 
are treated with reagents which dissolve . proteins, such as dilute hydro- 


^The various statements in regard to the reaction of the muscles and the cause 
thereof are conflicting. See Eolnhaim, Pfluger^s Arch., 50 and 55; Hefiter, Arch. f. 
exp. Path, u, Pharm., SI and SS. These references contain the pertinent literature. 
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cliloric acid, ' soda or gastric' juice, they swell greatly; and break 

up' 'into “BowjVian's By the action, of alcohol, chromic acid, 

boiling' water, or in general such reagents as cause a shrinking, the fibres 
split longitudinally into fibrils; and this behavior shows that' several 
chemically different substances of various solubilities enter into the con- 
,:st ruction of the muscular fibres. 

The protein myosin is generally considered as the chief constituent of 
the diagonal disks, while the isotropous substance eoiitains the chief mass 
of the other proteins of the muscles as w^ell as the chief portion of the 
extractives. According to the observations of Danilewsky, confirmed by 
J. Holmgrex,! myosin may be completely extracted from the muscle wnth- 
out changing its structure, by means of a 5 per cent solution of ammonium 
chloride, which fact contradicts the above view. Danilewskt claims that 
another protein-like substance, insoluble in ammonium chloride and only 
s^velling up therein, enters essentially into the structure of the muscles. 
The proteins, which form the chief part of the solids of the muscles, are of 
the greatest importance. 

Proteins of the Muscles. 

Like the blood which contains a fluid, the blood-plasma, which sponta- 
neously coagulates, separating fibrin and yielding blood-serum, so also the 
living muscle, at least of cold-blooded animals, contains, as first shown by 
Kuhxe, a spontaneously coagulating liquid, the muscle-plasma, w^hich 
coagulates quickly, separating a protein body, myosin, and yielding also 
a serum. That liquid w^hich is obtained by pressing the living muscle is 
called rmisde-^plas^ma, wfiiile that obtained from the dead muscle is called 
musde-senm. These two fluids contain different protein bodies. 

Muscle-plasma was first prepared by Kuhne from frog-muscles, and 
later by Halliburtox, according to the same method, from the muscles 
of warm-blooded animals, especially rabbits. The principle of this method 
is as follows: The blood is removed from the muscles immediately after 
the death of the animal by passing through them a strongly cooled com- 
mon-salt solution of 5-6 p. m. Then the muscles are quickly cut and 
immediately thoroughly frozen so that they can be ground in this state 
to a fine mass — muscle-snow.^’ This pulp is strongly pressed in the cold, 
and the liquid which exudes is called muscle-plasma. According to v. 
FttRTH 2 this cooling or freezing is not necessary. It is sufficient to extract 

^ Danilewskyj Zeitsehr. f, physiol. Chem., 7; J. Holmgren, Malyhs Jahresber., 2S. 

2 Kiihne, Untersuchungen iiber das Protoplasma (Leipzig, 1864), 2; Hallibur- 
ton, Journ. of Physiol, 8; v. Fiirth, Arch. f. exp. Path. u. Pharm., 86 and 87; Hof- 
rneister's Beitrage, 8, and Ergebnisse der Physiologie, 1, Abt. i; Btewart and Soil- 
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the muscle free from blood, as “above directed, with a 6 p. m. common-* 
salt solution. 

Muscle-plasma forms a yellow to brownish-colored fluid with an alkaline 
reaction. It is somewhat different in different animals. Muscle-plasma 
from the frog spontaneously coagulates slowly, at a little above 0° C., but 
more quickly at the temperature of the body. Muscle-plasma from mammals 
coagulates slowly, according to v. Fubth, even at the temperature of the 
room, though only slightly, and it can hardly be considered as a process 
comparable wdth the coagulation of the blood. Indeed the question may be 
asked whether a true muscle-plasma does exist in warm-blooded animals, 
or whether the fluid obtained from such muscles exactly represents the 
plasma of the living muscle. According to Kuhne and v. Forth the reac- 
tion remains alkaline during coagulation, while according to Hallibijrtox, 
Stewart and Sollmann, it becomes acid. According to the older view’-s 
the clot consists of a globulin called myosin, while v. Pueth claims that it 
consists of two coagulated proteins, myosin-fibrin and myogen-flbrin. 

The study of the proteins of the muscles, as well as their nomenclature, 
has changed markedly in the last few years, and it is questionable whether 
an essential difference exists between the proteins of the muscle-plasma 
and the muscle-serum of warm-blooded animals. Nevertheless it is neces- 
sary" to separately discuss the proteins of the dead muscle as well as those 
of the muscle^plasma. 

The 'proteins of the dead 'muscle are in part soluble in water or dilute 
salt solutions, and in part are insoluble therein. Myosin and musculiii and 
also myoglobulin and myoalbumin, which exist to a very slight extent and 
are perhaps only derived from the remaining ly^mph, belong to the first 
group, and the stroma substances of the mxiscle-tubes belong to the second 
group." . . . ■ . ' ' 

Myosin was first discovered by Kuhne, and constitutes the principal 
mass of the soluble proteins of the dead muscle. It is generally considered 
as the most essential coagulation product of muscle-plasma. The name 
myosin Kuhne also gives to the mother-substance of the plasma-clot, and 
this mother-substance forms, according to certain investigators, the chief 
mass of contractile protoplasm. The statements as to the occurrence of 
myosin in other organs besides the muscles require further proof. The 
quantity of myosin in the muscles of different animals varies, according 
to Danilewsky,^ between 30 and 110 p. m. 

Myosin, as obtained from dead muscles/ is a globulin whose elementary 
composition, according to Chittenden and Cummins,^ is, on an average, 
the following: C 52.28, H 7,ll, N. 16.77, S L27, 0 22.03 per cent. ; If the 


^ Studies from the Physiol. Cbem. Laboratory of -Yale College; New Have%i, 115- 
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myosin separates as fibres, or if a myosin solution with a minimum quantity 
of alkali is allowed to evaporate on a microscope-slide to a gelatinous mass, 
doubly refracting myosin may be obtained. Myosin has the general prop- 
erties of the globulins. It is insoluble in water, but soluble in dilute saline 
solutions as well as in dilute acids or alkalies, which readily convert it into 
albuminates. It is completely precipitated upon saturation with NaCI, also 
by MgS 04 , in a solution containing 94 per cent of the salt with its water of 
crystallization (Hallibueton). The precipitated myosin becomes insoluble 
readily. Like fibrinogen it coagulates at 56° C. in absolution containing 
common salt, but differs from it since under no circumstances can it be 
converted into fibrin. The coagulation temperature, according to Chitten- 
den and Cummins, not only varies for myosins of different origin, but also 
for the same myosin in different salt solutions. 

Myosin may be prepared in the following w^ay, as suggested by Halli- 
burton: The muscle is first extracted by a 5 per cent magnesium-sulphate 
solution. The filtered extract is then treated with magnesium sulphate in 
substance until 100 c.c. of the liquid contains about 50 grams of the salt. 
The so-called paramyosinogen or musculin separates. The filtered liquid 
is then treated with magnesium sulphate until each 100 c.c. of the liquid 
holds 94 grams of the salt in solution. The myosin which now separates 
is filtered off, dissolved in water by aid of the retained salt, precipitated 
by diluting with water, and, when necessary, purified by redissolving in 
dilute salt solution and precipitating with water. 

The older and perhaps the usual method of preparation consists, accord- 
ing to Danilewsky,^ in extracting the muscle wfith a 5-10 per cent ammo- 
nium-chloride solution, precipitating the myosin from the filtrate by 
strongly diluting with water, and redissplving the precipitate in ammonium- 
chloride solution, and the myosin obtained from this solution is repre- 
cipitated either by diluting with water or by removing the salt by dialysis. 

Musculin, 2 called paramyosinogen by Halliburton, and myosin 
by V. Furth, is a globulin which is characterized by its low coagulation 
temperature, about 47° C., which may vary in different species of animals 
(45° in frogs, 51° C. in birds). It is more easily precipitated than myosin 
by NaCl or MgS 04 ( 50 per cent salt, including water of crystallization). 
According to v. Furth it is precipitated by ammonium sulphate with a 
concentration of 12-24 per cent salt. If the dead muscle is extracted with 
water a part of the musculin goes into solution and may be precipitated 
therefrom by carefully acidifying. It separates from a dilute salt solution 
on dialysis. Musculin readily passes into, an insoluble modification which 

Zeitschr. f. physiol Cliem.., 5, 158, / 

^ As we have up to the present no conclusive basis for the identity of the globulins 
called myosin and paramyosinogen, , and also as the use of the name myosin for the last- 
mentioned substance may readily .cause confusion, the author does not feel justified 
in dropping the old name musculin (Nasse). / . 
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¥. Fueth calls myosin fibrin, ■ Musculin is called myosin by v. Fueth/ as 
he considers it nothing but myosin. As musculin has a lower coagulation 
temperature and has other precipitating properties for neutral salts than 
the older substance called myosiU; it is difficult to concede to this view. 

Myoglohulin, After the separation of the musculin and the myosin from the 
salt extract of the muscle by means of MgSO^ the myoglobulin may be precipitated 
by saturating the filtrate with the salt. It is similar to serglobulin, but coagu- 
lates at 63° C. (Halliburton). Myoalhuminj or muscle-albumin, seems to be 
identical with seralbumin (seralbumin a:, according to Halliburton), and prob- 
ably originates only from the blood or the lymph. Proteoses and peptones do 
not seem to exist in the fresh muscles 

After the complete removal from the muscle of ail protein bodies which 
are soluble in water and ammonium chloride, an insoluble protein remains 
wffiich only swells in ammonium-chloride solution, and which forms with 
the other insoluble constituents of the muscular fibre the muscle-stroma 
According to Danilewsky the amount of such stroma substance is con- 
nected with the muscle activity. He maintains that the muscles contain 
a greater amount of this substance, compared with the myosin present, 
when the muscles are quickly contracted and relaxed. 

According to J. Holmgren, ^ this stroma substance does not belong to 
either the nucleoalbumin or the nucleoproteid group. It is not a gluco- 
proteid, as it does not yield a reducing substance when boiled with dilute 
mineral acids. It is very similar to the coagulable proteins and dissolves 
in dilute alkalies, forming an albuminate. The elementary composition of 
this substance is nearly the' same as that of myosin. There is no doubt 
that the insoluble substances, myofibrin and myosin fibrin, which are 
formed, according to v. Furth, in the coagulation of the plasma, occur also 
among the stroma substances. When the muscles are previously extracted 
with water the stroma substance also contains a part of the myosin hereby 
made insoluble. To the proteins insoluble in water and neutral salts 
belongs the nucleoproteid detected by Pekelharing, which occurs as 
traces and is soluble in faintly alkaline water, and which originates probably 
from the muscle nuclei. According to Bottazzi and Ducceschi ^ the heart 
muscle is richer in nucleoproteid than the skeletal muscle. 

Musde-syntonm, which may be obtained by extracting the muscles with 
hydrochloric acid of 1 p. m., and which, according to K. Mornee, is less soluble 
and has a greater aptitude to precipitate than other acid albumins, seems 
not to occur preformed in the muscles. . Heubner's ® mylolin is modified muscle- 
proteid, chiefiy myosin, which has ,. lost a part of its sulphur by the action of 


‘ ^ See foot-note 1, p, 448. 

2 Pekelharing, Zeitschr. f. physiol. Chem., 22; Bottazzi and Ducceschi, CentralbL 
f. PhysioL, 12.' ^ 'V'*’ 

Arch, f , exp, Pathol, u. Pharm.; '5€.’ ■ 
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Proteins of the Musde-plasina, As above stated, myosin was ordinarily 
considered as the coagulated modification of a soluble protein existing in the 
muscle-plasma. As in blood-plasma there is present a mother-substance 
of fibrin, fibrinogen, so also there exists in the muscle-plasma a mother- 
substance of myosin, a soluble myosin or a my osinogen. This body has 
not thus far been isolated with certainty, HAiiLiBURTON, who has detected 
in the muscles an enzyme-like substance, ^'myosin ferment/^ which is related 
to fibrin ferment but not identical with it, has also found that a solution 
of purified myosin, in dilute salt solution (5 per cent MgS 04 ), and suffi- 
ciently diluted with water, coagulates after a certain time, and at the 
same time becomes acid, and a typical myosin-clot separates. This coagu- 
lation, which is accelerated by warming or by the addition of myosin fer- 
ment, is, according to Halliburton, a process analogous to the coagulation 
of the muscle-plasma. According to this same investigator, myosin when 
dissolved in water by the aid of a neutral salt is reconverted into myosino- 
gen, while after diluting with water myosin is again produced from the 
myosinogen. The musculin (paramyosinogen) is carried down, according 
to Halliburton, with the myosin-clot, but has nothing to do with the 
coagulation, as the myosin-clot forms also in the absence of musculin, and 
this last is not changed into myosin. 

Besides the traces of globulin and albumin, which perhaps do not belong 
to the muscle-plasma, there occur in mammals, according to v. Furth, tw^o 
proteins, namely, musculin (myosin according to v. Furth) and myogen. 

Musculin (Nasse) = paramyosinogen (Halliburton) = myosin (v, 
Furth) forms about 20 per cent of the total proteins of the muscle-plasma 
of rabbits. Its properties have already been given, and it is sufficient to 
remark that its solutions become cloudy on standing, and a precipitate of 
myosin fibrin occurs, which is insoluble in salt solutions. 

Myogen, or myosinogen (Halliburton), forms the chief mass, 75-80 
per cent, of the proteins of rabbit muscle-plasma. It does not separate 
from its solutions on dialysis and is not a true globulin, but a protein sui 
generis. It coagulates at 55-65^^ 0. and is precipitated in the presence of 
26-40 per cent ammonium sulphate. Myogen solutions are precipitated 
by acetic acid only in the presence of some salt. It is converted into an 
albuminate by alkalies, this albuminate being precipitable by ammonium 
chloride. Myogen passes spontaneously, especially with higher tempera- 
tures as well as in the presence of salt, into an insoluble modification, 
myogen fibrin. A protein, coagulating at 30-40® C., soluble myogen fibrin, 
is produced as a soluble intermediate step. This substance occurs to a 
considerable extent in native frog-muscle plasma. It does not always 
occur in the muscle-plasma of warm-blooded animals, and when it does 
it is present only to a slight extent.. It can be separated by precipitating 
with salt or by diffusion. .Hallibtxrton^s assumption as to the action of 
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■a' special myosin ferment; has- not sufficient basis, according to v. FuetHs, 
nor has the often-admitted analogy with the coagulation of the bloods 
The; difference between the musculin and the myogen in their becoming, 
insoluble is that the musculin passes into myosin fibrin without any sol- 
uble intermediate steps. 


: ; - Myogen may be prepared, according to v. FIteth, by heating for a short 
time the dialyzed and filtered plasma to 52° G., separating it in this way from 
the rest of the musculin. The myogen exists in the new filtrate and can be 
precipitated by ammonium sulphate. The musculin may also be removed 
by adding 28 per cent ammonium sulphate and then precipitating the 
myogen from the filtrate by saturating with the salt. 


Stewart and Sollmann admit of only two soluble proteins in the 
muscles. One is the paramyosinogen, which is the same as v. FItrth^s 
myosin + the soluble myogen fibrin. The other they call myosinogen, 
which corresponds to v. Furth's myogen or to Halliburton's myosin ogen 
+ myoglobulin. It is an atypical globulin which coagulates at 60-60° C. 
The paramyosinogen as well as the myosinogen are readily converted 
into an insoluble modification, myosin. The myosin of the above investi- 
gators is the same as v. Fueth's myosin fibrin + myogen fibrin, and cor- 
responds, it seems, also to myosin mixed with paramyosinogen (Halli- 
burton). Stewart and Sollmann differ from Halliburton in con- 
sidering that paramyosinogen also coagulates and is converted into myosin. 
According to them myosin is also insoluble in a NaCl solution. 

The views of the various investigators differ so essentially and the 
nomenclature is so complicated (four different things are designated by 
the name myosin) that it is extremely difficult to give any correct review 
of the various notions.^ Thorough investigations on this subject are very 


llillililill 


necessary. 

Myo'proteid is a proteid found by v. Furth in the plasma from fish- 
muscles. It does not coagulate on boiling, is precipitated by acetic acid, 
and considered as a compound proteid by v. Furth. 

In connection with v. Furth's work, Przibram has carried on investigations 
on the occurrence of muscle-proteins in various classes of animals. The myosin 
(v. Forth) and myogen occur in all classes of vertebrates; the myogen is always 
absent in the invertebrates. Myoproteid occurs, at least in considerable quantity, 
only in fishes. In the muscle after cutting the nerve, Steyker^ found somewhat 
more musculin and less myogen in the muscle- juice than in the normal muscle. 

Muscle-pigments. There is no question that the red color of the muscles, 
even when completely freed from blood depends in part on haemoglobin. 

^ For these reasons the author is not sure whether he has understood and correctly 
^ven the work of the different investigators. , „ • 
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K. Moenek has shown that muscle-hsemoglobin is not quite identical with 
blood-haemoglobin. The statement of MacMunN; that in the muscles 
another pigment occurs which is allied to hsemochromogen and called myo- 
hcmmUn by him, has not been substantiated, at least for muscles of higher 
animals (Levy and Mornbe^). MacMunn claims that myohsematiii 
occurs in the muscles of insects, w'hich do not contain any hemoglobin. 
The reddish-yellow coloring-matter of the muscles of the salmon has been 
little studied. 

Various enzymes have been found in the muscles. To these belong 
(besides traces of fibrin ferment and myosin ferment) the catalases and 
oxidasesj which occur only to a slight extent. The disputed glycolytic 
enzyme (Chapter VIII), whose nature is unknown, probably belongs to 
the oxidases. An amylolytic and a proteolytic enzyme (Hedin and Row- 
land 2) have also been found, and the hydrolytic and oxidizing enzymes 
(Chapter XV) active in the formation and destruction of uric acid are also 
present. 

Extractive Bodies of the Muscles. 

The nitrogenous extractives consist chiefly of creatine^ on an average of 
1-4 p. m. in the fresh muscles containing water, also the 'purine bases, 
hypoxanthine and xanthine, besides guanine and carnine, but chiefly hypo- 
xanthine. The purine bases probably do not occur as such but as complex 
combinations. The quantity of nitrogen as purine bases amounts, accord- 
ing to Bueian and Hall, in the fresh flesh of the horse, ox, and calf to 
0.55, 0.63, and 0.71 p; m. respectively, or p. m., calculated as hypo- 

xanthine. In the embryonic ox-muscles, Kossel^ found more guanine 
than hypoxanthine. The purine bases are produced in the muscles them- 
selves, and their production, which also takes place wliile at rest, is greatly 
increased during work (Burian^). 

Among the apparently habitually occurring nitrogeneous extractives, 
we should also mention phosphocarnic add as well as inosinic acid, which 
is perhaps allied to it, carnosine, carnitine, and perhaps also other bodies 
W’-hich have recently been found in meat extract and which will be mem- 
tioned later. 

Among the extractive substances is also found the acid noticed by Limpricht 
in the flesh of certain cyprinidea, namely, the nitrogenized protic add, while the 
isocreatinine found by J. THesbn in fish-flesh is nothing but impure creatinine, 

^See MacMunn, Phil. Trans, of Roy. Soc., 177, part 1, Journ. of Physiol., 8, and 
^eitschr. f. physiol. Chem., 13; Levy, iMd,, 13; K. Morner, Nord. Med. Archiv, Fest- 
band, 1897, and Maly's Jahresber., 27. 

^Zeitschr. f. physioL Chem., 32. 

® Burian and Hall, Zeitschr. f, physioL Chem., 38; Kossel, ibid,, 8, 408. 
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according to Foulsson, Schmidt and KoRNDORFERd Uric midyUrea^^ taurine^ 
and leucine are found as traces in the muscles, in certain cases only in a few species 
of animals. In regard to the amounts of these different extractives in the muscles, 
Krukenberg and Wagner ^ have shown that it varies greatly in different 
animals A large quantity of urea is found in the muscles of the shark and ray; 
uric acid is found in alligators; taurine in cephalopoda; glycocoll in gasteropoda, 
and creatinine especially in fishes. The reports are very contradictory in regard 
to the occurrence of urea in the muscles of higher animals. According to the 
investigations of Kaufmann and ScHONDdRFP, confinned by Brunton-Blaikib,^ 
urea is a regular constituent of the muscles, although M. Nencki and Kowaeski 
dispute this. 

The xanthine bodies, with the exception of carnine, have been treated 
on pages 159 - 162 , and therefore among the extractive bodies we will first 
consider the creatine. 

/NH2 

Creatine, C4H9N3O2, (HN)C<^ , or methylguanidine- 

\N(CH3).CH2.C00H 

acetic acid, occurs in the muscles of vertebrate animals in variable amounts 
in different species; the largest quantity is found in birds. It is also found 
in the brain, blood, transudates, amniotic fluid, and sometimes also in the 
urine. Creatine may be prepared synthetically from cyanamide and 
sarcosine (methylglycocoll). On boiling with baryta water it decomposes 
with the addition of w^ater and yields urea, sarcosine, and certain other 
products. Because of this behavior several investigators consider creatine 
as a step in the formation of urea in the organism. On boiling with acids, 
creatine is easily converted, with the elimination of water into creatinine, 
C4H7N3O, which occurs in urine, and which has also been found in the 
muscles of the dog by Monari ^ (see Chapter XV), and probably is a regular 
constituent of the muscles. 

Creatine crystallizes in hard, colorless, monoclinic prisms which lose 
their Tvater of crystallization at 100° C. It is soluble in 74 parts of water 
at the ordinary temperature and 9419 parts absolute alcohol. It dissolves 
more easily wuth the aid of heat. Its w’-atery solution has a neutral reaction. 
Creatine is not dissolved by ether. If a creatine solution is boiled with 
precipitated mercuric oxide, this is reduced, especially in the presence of 
alkali, to mercury and oxalic acid, and the fouhsmelling methyluramine 
(methylguanidine) is developed. A solution of creatine in water is not pre- 

See Limprlcht, AnnaL d. Chem. u. Pharm., 127, and Thesen, Zeitschr. 1 physiol, 
Chem., 24; Ponlssoii, Arch. f. exp. Path, u, Pharm,, 51; Schmidt and Koimdorfer. 

2 Zeitschr. f. Biologie, 21; see also M. Henze, Zeitschr. f. physiol. Chem., 4S; 
Mendel, HofmeistcFs Beitrage, 5; Kelly^ 5. 

^ Kaufmann, Arch, de Physiol. (5), 6; Schondorff, Phiiger’s Arch., 62; NencH 
and Kowarski, Arch. f. exp. Path, w. Pharm., S6; Bmnton-Blaikie, Journ. of Physiol., 
2S, Supplement, 

* Maly’s Jahresber., 19, 296. 
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cipitated basic lead acetate, but gives a white, flaky precipitate with 
mercurous nitrate if the acid reaction is neutralized. \Vhen boiled for an 
hour with dilute hydrochloric acid creatine is converted into creatinine and 
may be identified by its reactions. On boiling with formaldehyde it can 
be transformed into dioxymethyienecreatinine, which crystallizes readily 
(Japfe 

The preparation and detection of creatine is best performed by the 
following method of Neubauer ,2 which was first used in the preparation 
of creatine from muscles: Finely cut meat is extracted with an equal weight 
of water at 50^^ to 55® C. for 10-15 minutes, pressed, and extracted again 
with water. The proteins are removed from the united extracts as far as 
possible by coagulation at boiling heat, the filtrate precipitated by the care- 
ful addition of basic lead acetate, the lead removed from this filtrate by H 2 S 
and the solution then carefully concentrated to a small volume. The 
creatine, which crystallizes in a few days, is collected on a filter, washed 
with alcohol of 88 per cent, and purified, when necessary, by recrystalliza- 
tion. The quantitative estimation of creatine is performed according to the 
same method. 

Gamine, C 7 H 8 N 403 -f H 2 O, is one of the substances found by Weidel in 
American meat extract. It has also been found by Krukenberg and 
Wagner in frog-muscles and in the flesh of fishes, and by Pouchet ^ in the 
urine. Gamine may be transformed into hypoxanthine by oxidation. 

Gamine has been obtained as a white crystalline mass. It dissolves 
with difficulty in cold water, but more readily in warm. It is insoluble in 
alcohol and ether. It dissolves in warm hydrochloric acid and yields a salt 
crystallizing in shining needles, which gives a double compound with 
platinum chloride. Its ‘watery solution is precipitated by silver nitrate? 
but this precipitate is dissolved neither by ammonia nor by wami nitric 
acid. Gamine does not give the so-called Weii>el\s xanthine reaction. 
Its* watery solution is precipitated by basic lead acetate; but the lead 
compound may be dissolved on boiling. 

Gamine is prepared by the following method: The meat extract diluted 
with water is completely precipitated by baryta-water. The filtrate is 
precipitated by basic lead acetate, the lead precipitate boiled with water, 
filtered wffiile hot, and sulphuretted hydrogen passed through the filtrate. 
Remove the lead sulphide from the filtrate and concentrate krongly. The 
concentra-ted solution is now completely precipitated wdth silver nitrate, 
the precipitate w’^ashed free from silver chloride by ammonia, and the carnine 
silver oxide suspended in w’-ater and treated with sulphuretted hydrogen. 


^ Ber. d. d. chem. Gesellsch., So, 

® 2eitschr. f. physiol. Chem., 2 and 0; 

3 Weidel, Annal. d. Chem. u. Pharm., 158; Kmkenberg and Wagner, Sitzungsber. 
d. Wiirzb. phys.-med. Gesellsch., 1883; Pouchet, cited from Neubauer-Huppert, 
Analyse des Harnes, 10. Aufl,, 335. , : 
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Camosinej C 9 H 14 N 4 O 3 , has been isolated by Gulswitsch and Amieazdibi ^ 
from meat extracts. It is a base which is perhaps related to arginine/ and is 
readily soluble in water, crystallizing in flat needles. It is precipitated by 
phospho tungstic acid and by silver nitrate in the presence of an excess of barium 
hydrate and forms a copper compound which crystallizes in hexagonal plates. 

Carnitine, C 7 H 15 NO 3 (?), is another base isolated by Gulewitsch and Krimbebg ^ 
from meat extracts, has a strong alkaline reaction, and is very readily soluble 
in water; It gives a crystalline chloroplatinate, as well as salts with HCI and 
HNO 3 which are very readily soluble in water. The HNO 3 salt, which is also 
crystalline, is strongly levorotatory. 

From Liebig’s extract of beel Kutschee has recently isolated a series of 
new bodies, namely, ignotine^ '^fizycarnornuscarine^ ncosmCjCeHiyNOg, novavae, 
C 7 H 17 NO 2 , (also found by Gulewitsch), and a crystalllzable 

chloroplatinate, Ci 8 Hj^ 5 N 205 . 2 HCLPtCl 4 , of a body which he calls ohlitine, Zunz ^ 
has also been able to isolate from fresh muscles the three hexone bases, leucine, 
aspartic acid, and glutamic acid. He has not decided whether these bodies exist 
preformed in the muscles. 

The base musculamine, isolated by Etaed and Vila on the hydrolysis of veal, 
is nothing but cadaverine, according to PosTERNAK.^ 

Inosinic acid has been discussed on page 155. We must also include among 
the nitrogenous extractives those bodies which were first discovered by Gautier ^ 
and which occur only in very small quantities, namely, the leucomaines, xaniho- 
creatinine, crusocreatinine, C 5 H 8 N 4 O, amphicreatine, C 9 H 19 N 7 O 4 , and 

pseudoxanthine, C 4 H 5 N 5 O. 

In the analysis of meat and for the detection and separation of the various 
extractive bodies of the same we make use of the systematic method as suggested 
by Gautier,® for details of which the reader is referred to the original article. 

Phosphocamic acid ’ is a complicated substance, first isolated by Siegfried 
from meat extracts, which yields as cleavage products succinic acid, paralactic 
acid, carbon dioxide, phosphoric acid, and a carbohydrate group, besides the 
previously mentioned carnic acid, which is identical with or nearly related to 
antipeptone. It stands, according to Siegfried, in close relationship to the 
nucleins, and as it yields peptone (carnic acid), it is designated as a nucleon by 
Siegfried. Phosphocamic acid may be precipitated as an iron compound, 
carniferrine, from the extract of the muscles free from proteins. The quantity of 
phosphocamic acid, calculated as carnic acid, can be determined by multiplying 
the quantity of nitrogen in the compound by the factor 6.T237 (Balkb and 
Ide). In this way Siegfried found 0.57-2.4 p. m, carnic acid in the resting 
muscles of the dog, and M. Muller 1-2 p. m. in the muscles of adults and a maxi- 
mum of 0.57 p. m. in those of new-born infants. According to Cavazzani nucleon 
occurs to a much greater extent in oysters, namely, an average of 3.725 p. m. It 
also occurs, as he and Manicardi found, in the plant kingdom. Phosphocamic 
acid has not been prepared in the pure state and possesses on this account a 

^ Zeitschr. f. physiol. Chem., 30. 

v-::''//;'-' 

^ Kutscher, Zeitschr. f. Unters. d. Nahrimgs- u. Genussmittel, 10, and Centralbl f. 
Physiol., 19; Zunz, reference, ibid., 18; Gulewitsch, Zeitschr. f. physiol. Chem., 47, 

* Etard and Vila, Compt. rend., 135; Postemak, ibid., 135. 

s See Maly’s Jahresber., 16, 523. 

^ In regard to carnic acid and phosphocamic acid, see the works of Siegfried, Arch, 
f. (Anat. u.) Physiol., 1894, Ber. d. deutsch. chem. Geseilsch., 28, and Zeitschr. 
f. physiol, Chem,, 21 and 28; M. Miiller, ibid., 22; 'Eruger, ibid., 22 and 28; Balke and 
Ide, ibid., 21, and , Balke, ibid.^, 22; Macleod, ibid., 28; E. Cavazzanl, Centralbl, f. 
Physiol., 18, 666 ; Panella, Maly’s Jahresber., 34/ 
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variable composition; according to Siegfried it serves as a source of energy m 
the riuiscies and is consumed during work. Besides, by means of its property 
of forming soluble salts with the alkaline earths, as also an iron combination 
soluble in alkalies, it acts as a means of transportation for these bodies in the 
animal body. 

Phosphocarnic acid is prepared from the extract free from protein by first 
removing the phospiiate by CaCh and NH^.^ The acid is precipitated as carnifer- 
line by ferric chloride from the filtrate while boiling. 

The non-nitrogenous extractive bodies of the muscles are inosite^ glyco^ 
gen/ sugar, and lactic acid^ 

Iiiosite, C6 Hi 206+H20=C6H6(0H)6+H20. This body, discovered by 
Scherer, is not a carbohydrate, but a hexahydroxybenzene (Maquenne ^). 
With hydriodic acid it yields benzene and tri-iodophenol. Inosite is found 
in the muscles, liver, spleen, leucocytes, kidneys, suprarenal capsule, lungs, 
brain, testicles, and in the urine in pathological cases, and as traces in 
normal urine. It is found very widely distributed in the vegetable king- 
dpm, especially in the unripe fruit of green beans (Phaseolus vulgaris), and 
therefore it is also called phaseomannite. According to Winterstein a 
phosphorized compound occurs in the vegetable kingdom which yields 
inosite as a cleavage product. This compound is, according to Posternaic,^ 
prol^ably oxymethylphosphoric acid, which also yields inosite on decom- 
position by condensation. 

Inosite crystallizes in large, colorless, rhombic crystals of the monoclinic 
system, or, if not pure and if only a small quantity crystallizes, it forms 
groups of fine crystals similar to cauliflower. It loses its water of crystalliza- 
tion at 110'^ C., also if exposed to the air for a long time. Such exposed 
crystals are non-transparent and milk-white. The crystals melt at 225° C. 
when dry. Inosite dissolves in 7.5 parts of water at ordinary temperature, 
and the solution has a sweetish taste. It is insoluble in strong alcohol and 
in ether. It dissolves cupric hydrate in alkaline solutions, but does not 
reduce on boiling. It gives negative results with Moore's test and with 
Bottger-Almisn's bismuth test. It does not ferment with beer-yeast, 
but may undergo lactic- and butyric-acid fermentation. The lactic acid 
formed thereby is sarcolactic acid according to Hilger, and fermenta- 
tion lactic acid according to Vohl.^ Inosite is oxidized into rhodizonic 
acid by an ‘excess of nitric acid, and the following reactions depend upon 
this behavior: 

If inosite is evaporated to dryness on platinum-foil with nitric acid and 
the residue* treated with ammonia and a drop of calcium-chloride solution 
and carefully re-evaporated to dryness, a beautiful rose-red residue is 

^ Bull, de la soc. ekim. (2), 47 and 48; Conxpt. rend., 104. 

2 Winterstein, Ber. d. d. chem. GeseMh., 30; Posternak, Contribution a Fetude 
chim: de i'assiinilation chlorophyilienne, Eevue g^n^rale de Botanique, 12 (1900). 

. » Hiiger, AiinaL d. Chem. u. Pharm., 160; Yohl, Ber. d. d. chem, Gesellsch., 9. 
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obtained (Scherer’s inosite test). If we evaporate an inosite solution to 
incipient dryness and moisten the residue with a little mercuric nitrate 
solution, there is obtained a yellowish residue on drying, which becomes a 
beautiful red on strongly heating. The coloration disappears on cooling, 
but it reappears on gently warming (Gallois’ inosite test). 

To prepare inosite from a liquid or from a watery extract of a tissue^ 
the proteins are first removed by coagulation at boiling heat. The filtrate 
is precipitated by sugar of lead, this filtrate boiled with basic lead acetate 
and allowed to stand 24-48 hours. The precipitate thus obtained, w'hich 
contains all the inosite, is decomposed in water by H 2 S. The filtrate is 
strongly concentrated, treated with 2-4 vols. hot alcohol, and the liquid 
removed as soon as possible from the tough or flaky masses which ordinarily 
separate. If no crystals separate from the liquid within t^venty-four hours, 
then treat with ether until the liquid has a milky appearance and allow it 
to stand. In the presence of a sufficient quantit}^ of ether, crystals of 
inosite separate rvithin twenty-four hours. The crystals thus obtained, 
as also those which are obtained from the alcoholic solution directly, are 
recrystaliized by redissolving in very little boiling water and adding 2-4 
vols. of alcohol. 

Glycogen is a constant constituent of the living muscle, while it may be 
absent in the dead muscle. The quantity of glycogen varies in the different 
muscles of the same animal. Bohm ^ found 10 p. m. glycogen in the muscles 
of cats, and moreover he found a greater amount in the muscles of the 
extremities than in those of the rump. Schondorpp has found a maxi- 
mum of 37.2 p. m. in the dog-muscle. The statements as to the quantity 
of glycogen in the heart differ somewhat; although the heart is considered 
as somewhat poorer in glycogen than the other muscles, still this difference 
is not very great and can be explained by the ready disappearance of 
glycogen from the heart after death, as well as after starvation and after 
strong work (Boruttau, Jensen, Kisch^). Work and food have a 
great influence upon the quantity of glycogen. Bohm found 1-4 p. m. 
glycogen in the muscles of fasting animals, and 7-10 p. m. after partaking 
of food. As stated in Chapter VIII, work, starvation, and lack of carbo- 
hydrates in the food cause the glycogen to disappear earlier from the liver 
than from the muscles. 

The sugar of the muscles, of which only traces occur in the living muscle, 
and wffiich is probably formed after the death of the muscle from the mus- 
cle-glycogen, is, according to the investigations of PanoRiMopp, in, part 
dextrose, but consists chiefly of maltose (Osborne and Zobel wfith some 
dextrin. 

^ Bohm, PjQuger^s Arch., 23, 44; Schoniorff, ibM., 99. 

^ Boimttau, Zeitschr. f. physiol. Chem., 18; Jensen, ibid., 35; Kisch, Hofmeister's 

® Panormoff. Zeitschr. f. physiol: Chem., 17; Osborne and Zobel, Journ. of Phy- 



460 


MUSCLES. 


Lactic Acids. Of the oxy propionic acids with the formula CsHeOg 
there is one, ethylene lactic acid, CH 2 (OH).CB[ 2 .COOH, which is not found 
in the animal body and therefore has no physiological chemical interest. 

CHs 

Indeed only a-oxypropionic acid, or ethylidene lactic acid, CH(OH), of 

COOH 

which there are three physical isomeres, is of importance. These three 
ethylidene lactic acids are the ordinary, optically inactive fermentation 
LACTIC ACID, the dextrorotatory paralactic or sargolactic acid, and 
the LEVOLACTic ACID obtained by Schardinger by the fermentation of 
cane-sugar by means of a special bacillus. This levolactic acid, which 
has also been detected by Blachstein in the culture of Gaffky^s typhoid 
bacillus in a solution of sugar and peptone, and which is formed by vari- 
ous vibriones, need not be described here.^ 

The fermentation lactic acid, which is formed from lactose by allow- 
ing milk to sour and by the acid fermentation of other carbohydrates, 
is considered to exist in small quantities in the muscles (Heintz), in the 
gray matter of the brain (Gscheidlen), and in diabetic urine. The occur- 
rence of fermentation lactic acid in the brain and other organs has recently 
been disputed by Moriya.^ During digestion this acid is also found in 
the contents of the stomach and intestine, and as alkali lactate in the chyle. 
The 'paralactic acid is, at all events, the true acid of meat extracts, and this 
alone has been found with certainty in dead muscle. The lactic acid which 
is found in the brain, spleen, lymphatic glands, thymus, thyroid gland, 
blood, bile, pathological transudates, osteomalacious bones, in perspira- 
tion in puerperal fever, in the urine after fatiguing marches, in acute 
yellow atrophy of the liver, in poisoning by phosphorus, and especially 
after extirpation of the liver seems always to be paralactic acid. 

The origin of paralactic acid in the animal organism has been sought 
by several investigators, who took for basis the researches of Gaglio, 
MinkowsivI, and Araki, in a decomposition of protein in the tissues. 
Gaglio claims a lactic-acid formation by passing blood through the kid- 
neys and lungs. He also found 0,3--0.5 p. m. lactic acid in the blood of 
a dog after protein food, and only 0.17-0.21 p. m. after fasting for fort}^- 
eight hours. According to Minkowski the quantity of lactic acid elimi- 
nated by the urine in animals with extirpated livers is increased with pro- 
tein food, while the administration of carbohydrates has no effect. Araki 
has also shown that if w^e produce a scarcity of oxygen in animals (dogs, 
rabbits, and hens) by poisoning with carbon monoxide, by the inhalation 

Schardinger, Monatshefte f. Chem., , 11 ; Blachstein, Arch, des sciences foloL 
de St. P^ersbourg, 1, 199; Kuprianow, Arch. f. Hygiene, 19, and Gosio, ibid,, 21, 

2 Heintz, Annal. d. Ohem. u, Pharm., 157 , and Gscheidlen, Pflugeris Arch., 8, 
171; Moriya, Zeitschrift f. physiol. Chem:, 4% 
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of air deficient in oxygen, , or by any other naeans, a .considerable elimiiia-- 
tion of lactic acid (besides dextrose and also often albumin) takes place 
through the urine, an observation which has been confirmed by Saito 
and KATsuYAMAd As a scarcity of oxygen, according to the ordinary 
statements, produces an increase of the protein catabolism in the body, 
the increased elimination of lactic acid in these cases must be due in part 
to an increased protein destruction and in part, to a diminished oxidation. 

Abaki has not drawn such a conclusion from his experiments, but he 
considers the abundant formation of lactic acid to be due to a' cleavage of 
the sugar formed from the glycogen. He found that in all cases where 
lactic acid and sugar appeared in the urine the quantity of glycogen in 
the liver and muscles was always diminished. He also calls attention to 
the fact that dextrolactic acid may be formed from glycogen, as directly 
obsein^ed by Ekunina,^ and also to the numerous observations on the 
formation of lactic acid and the consumption of glycogen in muscular 
activity. Without denying the possibility of a formation of lactic acid 
from protein, lie states that with lack of oxygen we have to deal with an 
incomplete combustion of the lactic acid derived by a cleavage of the sugar. 
Hoppe-Seyler 2 also positively defends the view as to the formation of 
lactic acid from carbohydrates. He was of the view that lactic acid is 
produced from the carbohydrates by the cleavage of the sugar only with 
lack of oxygen, while with sufficient oxygen the sugar is burned into carbon 
dioxide and water. The formation of lactic acid in the absence of free 
oxygen and in the presence of glycogen or dextrose is, according to Hoppe- 
Seyler, very probably a function of ail living protoplasm. In the anaero- 
bic metabolism of the animal cells, according to the recent investigations 
on alcoholic fermentation in the tissues (see Chapters I and VIII), carbon 
dioxide and alcohol are formed from the sugar^. with lactic acid as an inter- 
mediary step; but even if this view be correct and when the cells, as Stok- 
lasa^ and his collaborators have shown, contain a lactic-acid-forming 
enzyme, it is not known what kind of lactic acid is here produced. Accord- 
ing to Morishima an increase in the lactic acid in the liver occurs after 
death, probably from the liver glycogen, but this acid is chiefly fermenta- 
tion lactic acid. Asher and Jackson ^ experimented b}^ transf using blood 
(with and without the addition of sugar) through the lower extremities of 


^ Gagiio, Arch. f. (Anat, u.) Physiol., 1S86; Minkowski. Arch, exp. Path. u. Pharm., 
21 and SI; Araki, Zeitschr. f. physiol. Chem., 15, 16, 17, and 19; Saito and Katsuyama, 

2 Journ, f, prakt. Chem. (N. P,), 21. , C 

^Yirchow's Festschrift, also Ber. d. deutsch. chem. Gesellsch., 25, Referatb., 685. 
^ Simacek, Centralbl. f. Physiol., 17; Stoklasa, Jeiinek, and Ceray, ibid.^ 16. : 

® Morishima, Arch. f. exp. Path, n.'Pharm.j, Asher and Jackson, Zeitschr. f/ 
Bioiogie, 41. 
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dogs, and neither in these experiments nor in those where the larger organs 
{liver and abdominal viscera) were excluded from the circulation could 
they detect any increase of lactic acid due to the sugar. 

Although these last -mentioned investigations do not show any forma- 
tion of lactic acid from carbohydrates, still, on the other hand, we have 
recent investigations that make such an origin for lactic acid very proba- 
ble. Thus Embden ^ has found, on percolating blood through a surviving 
liver rich in glycogen, that lactic acid was formed, and also that this acid 
was produced in abundance when blood rich in sugar was transfused through 
a glycogen-free liver, while, on the contrary, blood poor in sugar led to 
only a very inconsiderable formation of lactic acid. The investigations of 
A. R. Mandel and Lusk^ also indicate a formation of lactic acid from 
carbohydrates in the animal body. They have shown that in dogs, after 
phosphorus poisoning, an abundance of lactic acid occurs in the blood and 
urine, and that this disappears from these fluids on bringing about a phlor- 
hizin diabetes in the animal. Phosphorus intoxication caused no lactic-* 
acid formation in a phiorhizin-diabetiG dog. Although it is difficult to 
give a satisfactory explanation of the results of these experiments, still it 
seems probable that by elimination of the sugar in phlorhizin diabetes a 
mother-substance of the lactic acid is lost. 

The carbohydrates, as well as the proteins, it seems, must be considered 
as the material from which the lactic acid is formed in the body. In a 
previous chapter (VIII) we mentioned the formation of lactic acid in the 
animal body by a deamination of alanine, and this gives us an indication 
of a lactic acid formation from protein. Phosphocarnic acid is considered 
by Siegfried as another source of sarcolactic acid. 

The lactic acids are amorphous. They have the appearance of color- 
less or faintly yellowish, acid-reacting syrupswbich mix in all pro portions 
with water, alcohol, or ether. The salts are soluble in water, and most of 
them also in alcohol. The two acids are differentiated from each other by 
their different optical properties — paralactic acid being dextrogyrate, while 
fermentation lactic acid is optically inactive — also by their different solu- 
bilities and the different amounts of water of crystallization of the calcium 
and zinc salts. The zinc salt of fermentation lactic acid dissolves in 5S~63 
part,s of water at 14r-15'^ C., and contains 18.18 per cent water of crystalli- 
zation, corresponding to the formula Zn(C3H503)2 + 3H20. The zinc salt 
of paralactic acid dissolves in 17.5 parts of water at the above tempera- 
ture and contains ordinarily 12.9 per cent water, corresponding to the 
formula Zn(C3H503)2+2H20. The calcium salt of fermentation lactic acid 
dissolves in 9.5 part.s water and contains 29.22 per cent (=5 molecules) 
water of crystallization, while calcium paralactate dissolves in 12.4 parts 

f. Physiol., 18, 832, ^ Ainer. Journ. of Physiol, 10. 
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water and contains: 24.83' or 26.21 per cent (=4 or 4-|; molecules) water of 
ciystallization. Both calcium salts crystallize^ not unlike tyrosine, in spears 
or tufts of ' very fine microscopic' needles. Hoppe-Seyler and Araki; 
who have closely studied the optical properties of the lactic acids and 
lactates, consider the lithium salt as best suited for the preparation and 
quantitath^e estimation of the lactic acids. The lithium salt contains 
7.29 per cent Li. For further information as to the salts and specific 
rotation of the lactic acids see Hoppe-Seyler-Thierfelder’s Haiid- 
buch, 7. Aufl., 1903.^ 

Lactic acids may be detected in organs and tissues in the following 
manner: After complete extraction with water, the protein is removed by 
coagulation at boiling temperature and the addition of a small quantity of 
sulphuric acid. The liquid is then exactly neutralized while boiling with 
caustic baryta, and then evaporated to a syrup after filtration. The residue 
is precipitated with absolute alcohol, and the precipitate completely ex-, 
tracted with alcohol. The alcohol is entirely distilled from the united alco- 
holic extracts, and the neutral resid,ue is shaken with ether to remove the 
fat. The residue is dissolved in water and phosphoric acid added, and the 
solution repeatedly shaken with fresh quantities of ether, which dissolves 
the lactic acid. The ether is now distilled from the united ethereal ex- 
tracts, the residue dissolved in water, and this solution carefully warmed on 
the water-bath to remove the last traces of ether and volatile acids. A 
solution of zinc lactate is prepared from this filtered solution b}.^ boiling 
with zinc carbonate, and this is evaporated until crystallization commences, 
and then is allowed to stand over sulphuric acid. An analysis of the salts 
is necessary in careful work. According to Hefpter ^ in muscles not having 
undergone rigor mortis the lactic acid can be extracted more easily by alco- 
hol than by w^ater. 

Fat is never absent in the muscles. Some fat is always found in the 
intermuscular connective tissue; but the muscle-fibres themselves also 
contain fat. The quantity of fat in the real muscle substance is always 
small, usually amounting to about 10 p, m, or somewhat more. A con- 
siderable quantity of fat in the muscle-fibres is found only in fatty degen- 
eration. A part of the muscle-fat can be readily extracted, while another 
part can be extracted only with the greatest difficulty. This latter part., 
it is claimed, exists finely divided in the contractile substance itself and is 
richer in free fatty acids, standing, according to Zuntz and Bogdaxow,^ 
in close relationship to the activity of the muscles because it is consumed 
during w^ork. Lecithin is a regular constituent of the muscles, and it is 
quite possible that the fat which is difficult of extraction and which is rich 
in fatty acids depends in part on a decomposition of the lecithin. The 

^ See also E. Jungfleisch,* Compt. rend., 140, and 142, 

2 Arch. f. exp. Path. u. Pharm., 38, . , : 
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amount of lecithin is not considerable. In normal dogdieart, as free from 
fat as possible, Rubow^ found that the lecithin amounted to 7. 5-8.5 per 
cent of the dry substance; for the striated muscle the amount of lecithin 
was rather constant, namely, 5.08 per cent. The ether extract of the heart 
of the dog contained 60-70 per cent lecithin. 

The Mineral Bodies of the Muscles. The ash remaining after burning 
the muscle, which amounts to about 10-15 p. m., calculated on the moist 
muscle, is acid in reaction. The largest constituent of the ash is potas- 
sium, whose occurrence, according to Macallum, is restricted to the dark 
diagonal bundles, and phosphoric acid. Next in amount we have sodium 
and magnesium, and lastly calcium, chlorine, and iron oxide. Sulphates 
exist only as traces in the muscles, but are formed by the burning of the 
proteins of the muscles, and therefore occur in abundant quantities in the 
ash. The muscles contain such a large quantity of potassium and phos- 
phoric acid that potassium phosphate seems to be unquestionably the pre- 
dominating salt. Chlorine is found in such insignificant quantities that it 
is perhaps derived from a contamination with blood or lymph. The quan- 
tity of magnesium is, as a rule, considerably greater than that of calcium. 
Iron occurs only in very small amounts. Schmey^ found variations be- 
tween 0.0129 p. m. (rabbits) and 0.0793 p. m. (human), calculated on the 
fresh muscle substance. The heart-muscle was comparatively richer in 
iron, 0.06-0.109 p. m. 

The importance of the various mineral bodies for the function of the 
muscles has been studied by several experimenters (Loeb, Lingle, Howell, 
Overton, Langendorff and Hxjeck, and others ^). Further proof as to the 
previously discussed ion action of the electrolytes and the antagonism of 
various ions has been given by many very interesting investigations. These 
researches also indicate that each of the ions Na, Ca, and K plays a certain 
part in the maintenance of the excitability, in the contraction and in the 
fatigue of the muscle (heart); still these investigations have not led to con- 
cordant results, so that we are not yet clear on the action of these ions. 
Nevertheless it seems to be established that the combined action of various 
ions is a necessity for the normal function of the muscles. It has also 
been shown that it is possible to maintain the muscle (the heart) in regular 
activity for a long time by means of a transfusion of liquid saturated 
with oxygen and which contained about 7 p. m. NaCl, besides small 
amounts of CaCl 2 (0.2 p. m.), KCl (0.1 p. m.), and NaHCOs (0.1 p. m.). 


* Arch. f. exp. Path. u. Pharm., 52. 

® Macalium, Journ. of Physiol, 32; Schmey, 2eitschr. f. physiol Chem., 39. 

3 Loeb, Airier. Joum. of Physiol, 3, and PfliagePs Arch., 80, 91; Lingle, Amer. 
Journ. of Physiol, 4 (also references to literature); , Overton, PflugePs Arch., 92 and 
105; Langendorff and Hueck, 96. 
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. ; PERMEABILITY' ' OF' THE^ MUSCLES.' 

Thegasesot the muscles consist of large quantities of carbon dioxide, 
besides traces of nitrogen. 

In regard to the permeability of the muscles for various bodies there are 
the complete investigations of Oveeton.^ The different sheaths of the 
muscles, the sarcolemma and perimysium internum, offer no very great 
resistance to the diffusion of the most soluble crystalloid compounds, while 
the muscle-fibres, on the contrary (exclusive of the sarcolemma), are almost 
if not entirely impervious to most inorganic compounds and to many 
organic compounds. The muscle-fibres themselves are actually semiper- 
meable structures which are permeable for water but not for the molecules 
or ions of sodium chloride and of potassium phosphate. The muscle-fibres, 
as well as the various sheaths, are impermeable to colloids. 

The behavior of the numerous bodies investigated cannot be discussed 
in this work. The general rule is as follows: All compounds which, besides 
having a marked solubility in water, are readily soluble in ethyl ether, in 
the higher alcohols, in olive-oil and in similar organic solvents, or are not 
much less soluble in the last-mentioned solvents than in water, pass through 
the living muscle-fibres with great ease. The greater the difference 
between the solubility of a compound in water and in the other solvents 
mentioned, the slower does the passage into the muscle-fibres take place. 
The permeability changes essentially on the death of the muscle. 

The living muscle-fibres are readily permeable to oxygen, carbon dioxide, 
and ammonia, while the hexoses and disaccharides do not readily pass 
into them. It is very remarkable that a great portion of those compounds 
which take part in the normal metabolism of plants and animals belong to 
those bodies to which the muscle-fibres (and also other cells) are entirely or 
at least nearly impermeable. On the contrary, derivatives can be pre- 
pared from these bodies which pass into the cells very readily, and Over- 
Tox finds that it is not impossible that the organism in part makes use of 
a similar artifice in order to regulate the concentration of the nutritive 
bodies within the protoplasm. 

Rigor Mortis of the Muscles. If the influence of the circulating oxygen- 
ated blood is removed from the muscles, as after the death of the animal 
or by ligature of the aorta or the muscle-arteries (Stenson’s test), rigor 
fnortis sooner or later takes place. The ordinary rigor appearing under 
these circumstances is called the spontaneous or the fermentative rigor, 
because it seems to depend in part on the action of an enzyme. A muscle 
may also become stiff* for other reasons. The muscles may become momen- 
tarily stiff by warming, in the case of frogs to 40"^, in mammalia to 48-50®, 
and in birds to 53® C. The heat-rigor depends upon the coagulation of 

^ Pfiuger's Arch., 02. See also Hober, 106, and Hamburger, Osmotiseher 

Druckund lonenlehre, Bd. S. . / = , , 
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certain proteins^ and its occurrence at lower temperatures in cold-blooded 
as compared with warm-blooded animals is due^ according to v. FtiRTH, 
to the fact that in the first a soluble myogen fibrin occurs preformed in 
the muscle which coagulates at 30-40® C., while in the warm-blooded 
animals the coagulating substance is musculiii (myosin of v. Furth) which 
coagulates at a higher temperature. Distilled water may also produce 
a rigor in the muscles (water-rigor). Acids, even very weak ones, such as 
carbon dioxide, may quickly produce a rigor (acid-rigor), or hasten its 
appearance. A number of chemically difierent substances, such as chloro- 
form, ether, alcohol, ethereal oils, caffeine, and many alkaloids, produce a 
similar effect. The rigor which is produced b}^ means of acids or other 
agents which, like alcohol, coagulate proteins must be considered as pro- 
duced by entirely different processes from those causing spontaneous rigor. 

When the muscle passes into rigor mortis it becomes shorter and thicker, 
harder and non-transparent, and less ductile. The acid part of the ampho- 
teric reaction becomes stronger, which is explained by most investigators 
by the assumption of a formation of lactic acid. There is hardly any doubt 
that this increase in acidity may at least in part be due to a transformation 
of a part of the diphosphate into monophosphate by the lactic acid. The 
statements in regard to the presence or absence of free lactic acid in the 
rigor-mortis muscle are contradictory.^ Besides the formation of acid, the 
chemical processes which take place in rigor of the muscles are the follow- 
ing; By the coagulation of the plasma a myosin-clot is produced which is 
the cause of the hardening and of the diminished transparency of the muscle; 
but this view must be changed on account of the researches of v. Furth, 
which have shown that the clot consists of myogen fibrin and myosin fibrin. 
The appearance of this clot may be hastened by the simultaneous occurrence 
of lactic acid. Carbon dioxide is also formed, which does not seem to be 
a direct oxidation product, but a product of the cleavage processes. Her- 
mann^ claims that carbon dioxide is produced in the removed muscle, 
even in the absence of oxygen, when it passes into rigor mortis. In con- 
nection with this view we must call attention to Folin's^ observations 
that no protein coagulation took place in rigor under special conditions. 

, As many investigators admit of an increased formation of lactic acid on 
the appearance of rigor mortis, the question arises, from what constituents 
of the muscle is this acid derived? The most probable explanation is that 
the lactic acid is produced from the glycogen, as certain investigators, such 

^ It is impossible to enter into the details of the disputed statements as to the reac- 
tion of the muscles, etc. We shall only refer to the works of Rchmann, Pdiiger^s Arch,, 

and 55, and Heffter, Arch. f. e^. Path, u, Pharm., 31 and 38. These works con- 
tain also the researches of the older investigators more or less completely. 

2 Untersuchungen iiber den Stoffwechsel der Muskeln, etc., Berlin, 1867, 

. ® Amer. Journ. of Physiol., 9. 
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ss/NassE' and WEETHER, have -observed a decrease in' the quantity of 
glycogen in rigor of the rauscle. ■ On the other side, Bohm^ has observed 
cases in which no consumption of glycogen took place in rigor of the muscle, 
and he has also found that the quantity of lactic acid produced is not pro* 
portional to the quantity of glycogen. It is therefore possible that the 
consumption of glycogen and the formation of lactic acid in the muscles 
are two processes independent of each other, and, as above stated in regard 
to the formation of paralactic acid, the lactic acid of the muscle may be 
considered as a decomposition product of protein. The origin of the carbon 
dioxide is also not to be sought for in the decomposition of the glycogen or 
dextrose. Pfluger and Stintzing ^ have found that in the muscle a sub- 
stance occurs which evolves large quantities of carbon dioxide on boiling 
with water, and it is probably this substance which is decomposed with the 
fonnation of carbon dioxide in tetanus as well as in rigor. In this connec- 
tion we call attention to the fact that phosphocarnic acid yields lactic acid 
as well as carbon dioxide as cleavage products. 

After the muscles have been rigid for some time they relax again and 
become softer. This is in part produced by the strong acid dissolving the 
xnyosin-clot and in part by autol 3 rtic processes (Vogel 3). 

Metabolism in the Inactive and Active Muscles. It is admitted by a 
number of prominent investigators, Pfluger and Colas anti, Zuntz and 
Rohrig,^ and others, that the metabolism in the muscles is regulated by 
the nervous system. When ai rest, when there is no mechanical exertion, 
there exists a condition which Zuntz and R5hrig have designated chemical 
tonus This tonus seems to be a reflex tonus, for it may be reduced 
by discontinuing the connection between the muscles and the central 
organ of the nervous system by cutting through the spinal cord or the 
muscle-nerves. The possibility of reducing the chemical tonus of the 
muscles in various ways offers an important means of deciding the extent 
and kind of chemical processes going on in the muscles when at rest. In 
comparative chemical investigation of the processes in the active and the 
inactive muscles several methods of procedure have been adopted. The 
same active and inactive muscles have been compared after removal, also 
the arterial and venous muscle-blood in rest and activity, and lastly the 
total exchange of material, the receipts and expenditures of the organism, 
have been investigated under these two conditions. 

^ Nasse, Beitr. z. Physiol, der kontrakt, Substanz, PfiiigePs Arch., 2; Werther, 
ibid.;, 46; Bohm, ibid., 2S and 46. 

^ PfliigePs Arch., 18. . . 

® R. Vogel, Unters. liber Muskeisaft, Deutseh. Arch. f. kiin. Med., 1902. 

^ See the works of Pfliiger and his pupils in PflligePs Arch., 4, 12, 14, 16, and 18; 
Eohrig, ibid., See also Zuntz, ibid,, 12. In regard to the metabolism after curare 
poisoning, see also Frank and Voit, Zeitischr. f. Biologie, 42, and Frank and Geb- 
hard, ibid., 48. 
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By, investigations according to these; several methods it" has been, found 
that the active muscle takes up oxygen from the blood and returns to it 
carbon dioxide, and also that the quantity of oxygen taken up is greater 
than the oxygen contained in the carbon dioxide eliminated at the same 
time. The muscle, therefore, holds in some form of combination a paid- of 
the oxygen taken up while at rest. During activity the exchange of mate- 
rial in the muscle, and therewith the exchange of gas, is increased. The 
animal organism takes up much more oxygen in activity than when at 
rest, and eliminates also considerably more carbon dioxide. The quan- 
tity of oxygen which leaves the body as carbon dioxide during acti\ity 
is much larger than the quantity of oxygen taken up at the same time; 
and the venous muscle-blood is poorer in oxygen and richer in carbon 
dioxide during activity than during rest. The exchange of gases in the 
muscles during activity is the reverse of that at rest, for the active muscle 
gives up a quantity of carbon dioxide which does not correspond to the 
quantity of oxygen taken up, but is considerably greater. It follows from 
this that in muscular activity not only does oxidation take place, but also 
splitting processes occur. This results also from the fact that removed 
blood-free muscles when placed in an atmosphere devoid of oxygen can 
labor for some time and also yield carbon dioxide (Hermann ^). 

During muscular inactivity, in the ordinary sense, a consumption of 
glycogen takes place. This is inferred from the observations of several 
investigators that the quantity of glycogen is increased and its correspond- 
ing consumption reduced in those muscles whose chemical tonus is reduced 
either by cutting through the nerve or for other reasons (Bernard, Chan- 
DELON, Yay? and others). In activity this consumption of glycogen 
is increased, and it has been positively proved by the researches of several 
investigators (Nasse, Weiss, Kulz, Marcuse, Manche, Morat and 
Dupour that the quantity of glycogen in the muscles in activity decreases 
quickly and freely. As showm by the researches of Chauvbau and Kauf- 
MANN, Quinquaud, Morat and Dupour, Gavazzani, and especially those 
of Seegen,^ the sugar is removed from the blood and consumed during 
activity. According to Seegen a very abundant formation of , sugar 

^ 1. c. In regard to gas exchange in removed muscles, see also J. Tissot, Arch, de 
Physiol. (5), 6 and 7, and Compt. rend,, 120. 

" Chandelon, PfiugePs Arch., IS; Vay, Arch. f. exp. Path, u, Pharm., which 
also contains the pertinent literature. 

^ Nasse, PfliigePs Arch., 2; Weiss., Wien. Sitzungsber., 64; luilz, in Ludwig^s 
Festschrift, Marburg, 1890; Marcuse, PfiiigePs Arch., 39; Manche, Zeitschr. f. Biolo- 
gic, 25; Morat and Dufour, Arch, de Physiol, (o), 4. 

'‘Ghauveau and Ivaufmann, Compt. rend., 103, 104, and 105; Quinquaud, Malyhs 
Jahresber., 16; Morat and Dufour, i. o.; Gavazzani, Centraibl. f. Physiol., 8; Seegen, 
Zitckerbildimg im Thierkorper/' Berlin, 3890, Centraibl. f. Physiol., S, 9, and 
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takes place iii the liver, and correspondingly the blood of the hepatic vein 
is much richer in sugar than that in the portal vein; and this sugar of the 
blood is, according to him, the source of heat formation and mechanical 
activity. It is nevertheless true that important objections have been 
presented against a few of these investigations, and a sugar formation, 
according , to Seegen’s idea, has. been denied by several investigators, 
and recently by Zuntz and Mosse; but still there can exist hardly any 
doubt that sugar is consumed in muscular activity. A direct proof for this 
has recently been given by Joh. Muller.^ In experiments on siirvi\dng 
cats^ hearts which were percolated with a salt solution containing sugar, 
he could detect an undoubted consumption of sugar which was quite con- 
siderable. 

The amphoteric reaction of the inactive muscles is changed during 
activity to an acid reaction (Du Bois-Reymond and others), and the acid 
reaction increases to a certain point with the work. The quickly contract- 
ing pale muscles produce, according to Gleiss,^ more acid during activity 
than the more slowly contracting red muscles. The acid reaction appearing 
during activity was formerly considered to be due to the formation of lactic 
acid, a view which has been contradicted by xVstaschewsky, Pfluger, and 
Warren, who found less lactic acid in the tetanized muscle than when at 
rest. Monari also found a decrease in the quantity of lactic acid during 
activity, and according to Heffter the quantity of lactic acid in the muscle 
is diminished in tetanus produced by poison. Contrary to these investiga- 
tions, Marcuse and Werther have been able to prove the formation of 
lactic acid during activity; still the statements are very contradictory. 
Other observations indicate a formation of lactic acid during activity. 
Thus Spiro found an increase in the quantity of lactic acid in the blood 
during work. Colasanti and Moscatelli found small quantities of lactic 
acid in human urine after strenuous marches, and Werther observed an 
abundance of lactic acid in the urine of frogs after tetanization. According 
to Hoppe-Seyler, on the contrary, in agreement with his view in regard 
to the formation of lactic acid, lactic acid is not produced regularly during 
work, but only when insufScient oxygen is supplied. Zillesen ^ has also 
found that on artificially cutting off the oxygen from the muscles during 
life more lactic acid was formed than under nonnal conditions. 

^ Mosse, Pfiiiger’s Arch., 03; Zuntz, Cent mlbl. f. Physiol, 10, and Arch. i. (Anat. 
u) Physiol, 1896, 588. See also Schenck, Pfliiger’s Arch., 01 and 05; Mtiller, 
Zeitschr. f. allgem. Physiol, 3. . , 

^ PfiligePs Arch., 41. 

® Astaschewsky, Zeitschr. f. physiol. Chem., 4; Warren, Pfiiigeris Arch., 24; 

1. c.; Werther, Pfiiiger’s Arch., 46; Spiro, Zeitschr, f, physiol. Chein., 1; Colasanti 
and Moscatelli, Maly's Jahresber., 17 , 212,; Hoppe-Seyler, I c,, and Zeitschr. f. physiol 
Chem., 19; Zillesen, 15. ■ , ’ . ’ 
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It is evident' that' the experiments' with the muscles in 'Situ— m other 
wordS; with muscles through which blood is passing — cannot yield any con- 
clusion to the above question, as the lactic acid formed during work may 
perhaps be removed by the blood. The following objections can be made 
against those experiments in which lactic acid has been found after mod- 
erate work in the blood or the urine, as also especially against the experi- 
ments with removed active muscles, namely, that in these cases the supply 
of oxygen to the muscles was not sufficient, and that the lactic acid formed 
thereby is iiot, in accordance with the views of Hoppe-Seyler, a perfectly 
normal process. The question as to the formation of lactic acid in the 
active muscle under perfect physiological conditions is still an open one, 
although several observations make it seem to be very probable. 

According to Siegfried the amount of phosphocarnic acid is dimin- 
ished during activity. Macleod claims that this is true only for intense 
muscular activity, while v4th ordinary work the organic phosphorus 
not present as nucleons is diminished and the quantity of phosphates 
is increased. This stands in accord with Weyl and Zeitler’s^ observa- 
tions that the active muscle contains more phosphoric acid than the inac- 
tive muscle. As in the dead muscle, so in the active muscle, the some- 
what stronger acid reaction is in part due to a greater quantity of mono- 
phosphate. 

The amount of proteins in the removed muscles is, according to the 
older investigators, decreased by work. The correctness of this statement 
is, however, disputed by other investigators. The older statements in 
regard to the nitrogenous extractive bodies of the muscle in rest and in 
activity are likewise uncertain. According to the recent researches of 
Monari^ the total quantity of creatine and creatinine is increased by 
work, and indeed the amount of creatinine is especially augmented by an 
excess of muscular activity. The creatinine is formed essentially from 
the creatine- In excessive activity Monari also found xanthocreatinine 
in the muscle, and the quantity was one-tenth that of the creatinine. The 
purine bases are, according to Burian,® increased during work, due to a 
greater formation (see above, page 454). It seems to have been posi- 
tively shown, that the active muscle contains a smaller quantity of bodies 
soluble in water and a larger quantity of bodies soluble in alcohol than the 
resting muscle. (Helmholtz^). 

Attempts have been made to solve the question relative to the behavior 


^Siegfried, Zeitschr. f, physiol.. Chem., 21; Macleod, ibid,, 28; Weyl and Zeitier, 

^ Malyhs Jahresber., 19, 296, ■ 

® Zeitschr. f, physiol. Chem., 4S. : 

'^Arch. f. (Anat. n.) Physiol, 1845. 
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of tHe nitrogenized constituents of the muscle at rest and during acti vity by 
determining the total quantity of nitrogen eliminated under these different 
conditions of the body. While formerly it was held with Liebig that the 
elimination of nitrogen b}” the urine was increased by muscular work, the 
researches of several experimenters, especially those of Yoit on dogs and 
Pettekkofek and Vqit on men, have led to quite different results. They 
have shown, as has also lately been confirmed by other investigators, 
especially I, Muxk and Hirschpeld,! that during work no increase or 
only a veiy insignificant increase in the elimination of nitrogen takes place. 

We should not omit to mention the fact that a series of experiments 
has been made showing a significant increase in the metabolism of proteins 
during or after work. There are for example the observations of Flint 
and of Pavy on a pedestrian, v. Wolff, v. Funke, Kreuzhage, and 
Kellner on a horse, and Dunlop and his collaborators on working human 
beings, and of Krummacher, Pfluger, Zuntz and his pupils,^ and others. 
The researches on the elimination of sulphur during rest and activity also 
belong to this category. The elimination of nitrogen and sulphur runs 
parallel with the metabolism of proteins in resting and active persons, and 
the quantity of sulphur excreted by the urine is therefore also a measure 
of the protein catabolism. The older researches of Engelmann, Flint, 
and Pavy, as well as the more recent ones of Beck and Benedict,^ and 
Dunlop and his collaborators, show an increased elimination of sulphur 
during or after work, and this indicates an increased protein metabolism 
because of muscular activity. 

That an increased destruction of protein is not necessarily produced by 
work follows from the observations of Caspari, BoRxVSTEin, Kaup, Wait, 
A. LoeW'Y, Atw’-ater and Benedict,^ that a retention of nitrogen and a 
deposition of protein occur during work. The contradictory observations 
on the protein destruction during and caused by work are not directly in 
opposition to each other, because the extent of protein metabolism is de- 
pendent upon many conditions, such as the quantity and composition of 
the food, the condition of the adipose tissue of the body, the action of the 

^ Voit, Untersuchungen iiber den Einfluss des Kochsalzes, des Kaffees und der 
Muskeibewegungen auf den Stoffwechsel (Miinchen, 1860), and Zeitschr. f. Biolagie, 2; 
J. Mimk, Arcb. f. (Anat. u.) Physiol., 1890 and .1896; Hirschfeld, Virchow’s Arch., 121. 

, 2 Flint, Journ. of Anat. and Physiol., 11 and 12 ; Pa\w, The Lancet, 1876 and 1877; 
V. Wolff, V. Funke, Kellner, cited from Voit, Hermann’s Handb., 6, 197; Dunlop, 
Nool-Paton, Stockman, and Maccadam, Joum. of Physiol., 22 ; Krummacher, Zeitschr. 
f. Biologie, SS; Pfluger, Pfluger’s Arch., 50; Zuntz, Arch. f. (Anat. u.) Physiol., 1894. 

3 Engelmann, Arch. f. (Anat. u.) Physiol, 1871; Beck and Benedict, Pfiuger’s Arch., 
54, and also foot-note 2. - ■ . 

^Caspar!, Pfliiger’s Arch., S3; Bonistein, Kaup, Zeitschr. f. Biologie, 43; 

Wait, U. S, Depart. Agricult. Bulletin 80 (1901); Atwater and Benedict, ibid., Bull. 
09 (1899); Loewy, Arch. f. (Anat. u.) Physiol, 1901. V , ; , . 
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work , upon the; respiratory mechanism/ etc., all of which have, an influence 
on the results of the experiments.; , ■ 

Recently Steyree ^ has found that the muscle juice of a continuously tetanized 
muscle was somewhat poorer in musculin and correspondingly richer in myogen 
than the juice from a similar non-tetanized muscle. We cannot draw any con- 
clusions from this experiment, but it seems to show that the proteins are not 
consumed ';in , work. 

The older investigations on the amount of fat in muscles removed after 
activity and after rest have not led to any definite results. According to 
the recent investigations of Zuntz and Bogdanow,^ the fat belonging to 
the muscle-fibres and which is difficultly extracted takes part- in work. 
Besides these there are several researches by Voit, Pettenkofer and Voit, 
J, Frextzel,^ and others which make an increased destruction of fat 
during work probable. 

If the results of the investigations thus far made of the chemical proc- 
esses going on in the active and inactive muscle were collected together, we 
would find the following characteristics for the active muscle. The active 
muscle takes up more oxygen and gives off more carbon dioxide than the 
inactive muscle; still the elimination of carbon dioxide is increased con- 
siderably more than the absorption of oxygen. The respirator}’- quotient, 
CO 

is found to be regularly raised during work; yet this rise, which will 

be explained in detail in a following chapter on metabolism, can hardly be 
conditioned on the kind of processes going on in the muscle during activity 
with a sufficient supply of oxygen. In work a consumption of carbo- 
hydrates, glycogen, and sugar takes place. The acid reaction of the muscle 
becomes greater wdth work. In regard to the extent of a re-formation of 
lactic acid opinion is divided. An increased consumption of fat has occa- 
sionally been observed. The quantity of organic phosphorus decreases, 
and an increase in the nitrogenous extractives of the creatinine group 
seems also to occur. Protein metabolism has been found increased in 
certain series of experiments and not in others; but an increased elimimi- 
tion of nitrogen as a direct consequence of muscular exert-ion has thus 
far not been positively proved. 

In close connection with the above-mentioned facts there is the question 
as to the material basis of muscular activity so far as it has its origin in 
chemical processes. In the past the generally accepted opinion was that of 
Liebig, that the source of muscular action consisted of a catabolism of the 
protein bodies; to-day another generally accepted view prevails. Pick and 

^ Hofmeister's Beitrage, 4. . ^ ^ ^ Physiol, 1897. 
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WisLiCENUS climbed the Faulhorn and calculated' the amount of mechan- 
ical force expended in the attempt. With this they compared the mechan- 
ical equivalent transformed in the same time from the proteins, calculated 
from the nitrogen eliminated with the urine, and found that the m^ork 
really performed was not by any means compensated by the consumption of 
protein. It was therefore proved by this that proteins alone cannot l^e, the 
source of muscular activity, -and that this depends in great measure on the 
metabolism of non-nitrogenous substances. Many other observations have 
led to the same result, especially the experiments of Voit, of Pettenkofer 
and Voit, and of other investigators, whose observations show that while 
the elimination of nitrogen remains unchanged, the elimination of carbon 
dioxide during work is very considerably increased. It is also generally 
considered as positively proved that muscular work is produced, at least in 
greatest part, by the catabolism of non-nitrogenous substances. Never- 
theless there is no warrant for the statement that muscular activity is pro- 
duced entirely at the cost of the non-nitrogenous substances, and that the 
protein bodies are without importance as a source of energy. 

The investigations of Pfluger ^ are of great interest in this connection. 
He fed a bulldog for more than seven months with meat which alone did 
not contain sufficient fat and carbohydrates even for the production of 
heart activity, and then let him work veiy hard for periods of 14, 35, and 41 
days. The positive result obtained by these series of experiments was that 
complete muscular activity may be effected to the greatest extent in the 
absence of fat and carbohydrates,” and the ability of proteins to sei'Ye as a 
source of muscular energy cannot be denied. 

The nitrogenous as well as the non-nitrogenous nutriments may serve as 
a source of energy; but the views are divided in regard to the relative 
value of these. Pfluger claims that no muscular work takes place without 
a, decomposition of protein, and the living cell-substance prefers always 
the protein and rejects the fat and sugar, contenting itself with these only 
when proteins are absent. Other investigators, on the contrary, believe 
that the muscles first draw on the supply of non-nitrogenous nutriments, 
and according to Seegen, Chauveau, and Laulanie ^ the sugar is indeed 
the only direct source of muscular force. The last-mentioned investigator 
holds that the fat is'not directly utilized for work, but only after a previous 
conversion into sugar. Zuntz and his collaborators have made strong 
objections to the correctness of such a view. If, according to Zuntz, the 
fat must be first transformed into sugar before it can serve as the source of 

^ Vierteljakrsschr. d. Zurich, naturf. Gesellsch., 10, cited from CentralbL f. d. 
■ihed'.:: 

® See Seegen, foot-note 4, page 468. , The Works of Chauveau and his collaborators 
are found in Compt. rend., 121, 122, and 123; LaulanM, Arch, de Physiol. (5), 8. 
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muscular work, a definite expenditure of force must require about 30 per 
cent more energy ■with, fatty food than it does wdth carbohydrates; but this 
is not the case. The investigations of Zuntz, (together with) Loeb, Heuxe- 
MAXN, Frentzel and Reach show that all foodstuffs have nearly the same 
power of serving as the material for the work of the muscles. The extensive 
metalmlism investigations of Atwater and Benedict^ have also led to 
similar results as to the fats being a source of muscular energy. The law 
of the sul)stitution of the foodstuffs, according to their combustion equiva- 
lents, is also true for muscular work, and fat correspondingly acts with its 
full amount of energy without previously being transformed into sugar. 
The question wdiich of the foodstuffs the muscle prefers is dependent upon 
the relative quantities of the same at the disposal of the muscle. A direct 
substitution of the body material by the bodies supplied as food does not 
take place in the muscular activity in the ordinary nutritive condition. 
According to Johansson and Koraen ^ the CO 2 excretion produced by 
certain w^ork is not influenced by the supply of foodstuffs (protein or sugar). 

Siegfried considers, as above stated, the pliosphocarnic acid as a source of 
energy. According to his and Kruger^s ^ researches, phosphocarnic acid, which 
yields on cleavage, among other bodies, carbon dioxide, occurs in part preformed 
in the muscle, and in part as a hypothetical aldehyde compound of the same — a 
compound which forms phosphocarnic acid on oxidation. Siegfried therefore 
makes the suggestion that in the resting muscle, which requires more oxygen, 
than exists in the carbon dioxide eliminated, this reducing aldehyde substance is 
gradually oxidized to phosphocarnic acid, which is used in the actiwty of the 
muscle with the siDlitting off of carbon dioxide. 

Quantitative Composition of the Muscle. A large number of analyses 
have been made of the flesh of various animals for purely practical purposes, 
in order to determine the nutritive value of different varieties of meat ; but 
there are no exact scientific analyses wdth sufficient regard to the quantity of 
different protein bodies and the remaining muscle, constituents, that is, 
these analyses are incomplete or of little value. 

To give the reader some idea of the variable composition of muscle- 
substance the following summary *is presented, chiefly obtained from K. B. 
Hofmann’s book, although it does not correspond to the present demands. 
The figures are parts per 1000. 


^ Loeb, Arch. f. (Anat. u.) PhysioL, 1894; Heinemann, PfliigePs Arch., 83; Frentzel 
and Reach, ibid.; Atwater and Benedict, U. S. Dept, of Agric., Bull. 136, and Ergeb- 
iiisse der Phy^sioiogie, 3. 

^Skand, Arch. f. Physiol, 13. 

^ Zeitschr. f. physiol Chem., 22. 

^ Lehrbuoh d. Zoochemie (Wien, 1876), 104. 
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Muscles of 

Mammals. 

Muscles of 

Birds. 

Muscles ' of 
, Cold-blooded 
Animals.' 

Solids. ' 

... 217-255 

225-282 

200 

Water.. . 

... 745-783 

717-773 

800 

Organic bodies 

... 208-245 

217-263 

180-190 

Inorganic bodies ‘ . 

9-10 

10-19 

10-20 

Myosin. 

. . . 35-106 

29.8-111 

29.7-87 • 

Stroma substance (Danii-ewsky). 

. . 78-161 

88.0-184 

70.0-121 

•Creatine. 

2 

3.4 

2,3 ■ 

Xanthine bodies. 

... 1.3-1. 7 

0.7-1. 3 

— ^ 

Inosinic acid (barium salt). ...... 

0.1 

0.1-0. 3 

A— 

Protic acid 

... ' — 

— 

7.0' ■ 

Taurine. 

0.7 (horse) 

— 

1.1 

Inosite 

0.03 

— 

— • 

Glycogen 

4-37 

• — ' 

3-5..' 

Lactic acid 

... 0. 4-0.7 

— 

— 

Phosphoric acid 

... 3. 4-4.8 



Potash. 

... 3. 0-4.0 



Soda 

0.3 



Lime 

0.2 



Magnesia 

... 0.4 



Sodium chloride 

... 0.04-0.1 



Iron oxide 

... 0.04-0.1 




In this table, which has little value because of the variation in the 
composition of the muscles, no results are given as to the estimates of fat. 
Owing to the variable quantity of fat in meat and the incompleteness of the 
older methods of estimation it is hardly possible to quote a positive aver- 
age for this substance. After most careful efforts to remove the fat from 
the muscles without chemical means, it has been found that a variable 
quantity of intermuscular fat, which does not really belong to the muscular 
tissue, always remains. The smallest quantity of fat in the muscles from 
lean oxen is 6.1 p. m. according to Grouven, and 7.6 p. m. according to 
Petersen. This last observer also found regularly a smaller quantity of 
fat, 7.6-8.6 p. m., in the fore quarters of oxen, and a greater amount, 
30.1-34.6 p. m., in the hind quarters of the animal, but this could not be 
substantiated by Steil.i ^ small quantity of fat has also been found in 
the muscles of wild animals. B. Konig and Farwick found 10.7 p. m. fat 
in the muscles of the extremities of the hare, and 14.3 p. m. in the muscles 
of the partridge. The muscles of pigs and fattened animals are, when all 
the adherent fat is removed, very rich in fat, amounting to 40-90 p. m. 
The muscles of certain fishes also contain a large quantity of fat. According 
to Almen, in the flesh of the salmon, the mackerel, and the eel there are 
contained respectively 100, 164, and 329 p. m. fat.^ 


2 In regard to the literature and complete statements on the composition of fiesh 
of various animals, see Konig, Chemie der menschlichen Nahrungs- md Genussmittel, 

■■■■5:..Auiv " 
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The quantity di water in the muscle is liable to considerable variation. 
The quantity of fat has a special influence on the quantity of water, and 
one finds, as a rule, that the flesh which is deficient in water is correspond- 
ingly rich in fat. The quantity of water does not depend alone upon the 
amount of fat, but upon many other circumstances, among which must 
be mentioned the age of the animal. In yoimg animals, the organs in 
general, and therefore also the muscles, are poorer in solids and richer in 
water. In man the quantity of water decreases mitil mature age, but 
increases again towards old age. Work and rest also influence the quantity 
of water, for the active muscle contains more water than the inactive. 
The uninterruptedly active heart should therefore be the muscle richest 
in water. That the quantity of water may vary independently of the 
amount of fat is strikingly shown by comparing the muscles of different 
species of animals. In cold-blooded animals the muscles generally have 
a greater quantity of water, in birds a lower. The comparison of the flesh 
of cattle and fish shows very strikingly the different amounts of water 
(independent of the quantity of fat) in the flesh of different animals. 
According to the analysis of Alm^n,^ the muscles of lean oxen contain 15 
p. m. fat and 767 p. m. water; the flesh of the pike contains only 1.5 
p. m. fat and 839 p. m. water. 

For certain purposes, as, for example, in experiments on metabolism, it 
is important to know the elementary composition of flesh. In regard to 
the quantity of nitrogen we generally accept Voit^s figure, namely, 3.4 
per cent, as an average for fresh lean meat. According to Nowak and 
Huppert^ this quantity may vary about 0.6 per cent, and in more exact 
investigations it is therefore necessary to specially determine the nitrogen. 
Complete elementary analyses of flesh have been made with great care by 
Aegutinsky. The average for ox-flesh dried in vacuo and free from fat 
and with the glycogen deducted was as follows: C 49.6; H 6.9; N 15.3; 
0 + S 23.0; and ash 5.2 per cent. Kohler found as an average for water 
and fat-free beef C 49.86; H 6.78; N 15.68; O-f-S 22.3 per cent, which are 
very similar results. This investigator has also made similar analyses of 
the flesh of various animals and has determined the calorific value of 
the ash- and fat-free dried meat substance. This value was, per gram of 
substance, 5.599-5.677 Cal. The relationship of the carbon to nitrogen, 
which Aegutinsky calls the flesh quotient is on an average 3.54:1. 
From Kohler^s analyses the average for beef is 3.15:1 and for horse-flesh 
3.38:1. According to Salkowski, of the total nitrogen of beef 77.4 per 
cent was insoluble proteins, 10.08 per cent soluble proteins, and 12.52 per 


^ Nova Act. Reg.Soc. Scient. Upsal, Vol. extr, ord., 1877; also Malyhs Jahresber., 7. 
' Volt, ^eitschr. f. Biologic, , 1; Huppert, iUd., 7; Nowak, Wien. Sit^iingsber., 64, 
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cent other soluble bodies.' Frentzel and ScHREUERd find that about 7.74- 
per cent of the total nitrogen belongs to the nitrogenous extractives. 

There exist complete investigations by Katz ^ as to the quantity of min- 
eral constituents of the muscles from man and animals. The variation in 
the different elements is considerable. Pork is much richer in sodium as 
compared with potassium than other kinds of meat. The quantity of mag- 
nesium is greater, and often considerably greater, than calcium in all kinds 
of flesh investigated, with the exception of the haddock, the eel, and the 
pike. Beef is very poor in calcium. Potassium and phosphoric acid are 
the most abundant mineral constituents of all flesh. 

Koii-striated Muscles. 

The smooth muscles have a neutral or alkaline reaction (Du Bois- 
Reymond) when at rest. During activity they are acid, which is inferred 
from the observations of Bernstein, who found that the almost continually 
contracting sphincter muscle of the Anodonta is acid during life. The 
smooth muscles may also, according to Heidenhain and Kuhne, pass into 
rigor mortis and thereby become acid. A spontaneous but slowly coagulat- 
ing plasma has also been observed in several cases. 

In regard to the proteins of the smooth muscles we have the older 
statements of Heidenhain and Hell wig; ^ but they were first carefulty 
studied according to newer methods by Munk and Velighi.^ These experi- 
menters have prepared a neutral plasma from the gizzard of geese, accord- 
ing to V. FuRTifls method. This plasma coagulated spontaneously at the 
temperature of the room, although slowly. It contained a glohuUn, pre- 
cipitated by dialysis, which coagulated at 55-60° C. and also showed cer- 
tain similarities with Kuhne’s myosin. A spontaneously coagulating 
albumvn, which differed from myogen (v. Furth) by coagulating at 45-50° 
C., and which passes by spontaneous coagulation into the coagulated mod- 
ification without a soluble intermediate product, exists in still greater 
quantities in this plasma. Alkali albuminates do not occur, but a nucleo- 
proteid is found, which exists in about five times the quantity as compared 
with striated muscles. Nucleon is, according to Panella,^ a normal con- 
stituent of smooth muscles and occurs in larger amounts than in striated 
muscles. 

^ Anuitinsky, Pfliiger’s Arch.. 55; Kohler, 2eitschr. f. physiol. Chem., Sal- 
kowski, Centralbl. f. d. med. Wissensch., 1894; Frentzel and Schreuer, Arch, f. (Anat 
u.) Physiol., 1902. ’ ~ 

2 Pfli)gcr’s Arch. , OS. See also Schmey, Zeitschr. f. physiol. Chem., 

^ Du Bois-Reymond in Nasse, Hermann's Handb., 1, 339; Bernstein, ibid , ; Heiden» 
hain, fM., 340, with Hellwig, 339; Kiihne, Lehrbuch, 331. 

^ Munk and Velichi, Centralbl. f. Physiol., 12. , , . , 

:^ Maly's.:lahresber.,:^M- 
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Eecent investigations of Bottazzi and Cappelli, Vincent and Lewis 
Vincent, and v. Fijrth/ some on the muscles of warm-blooded and some 
on those of lower animals, have led to somewhat contradictory results, but 
they substantiate, as a whole, the observations of Munk and Velichi, 
Besides the nucleoproteids the smooth muscles contain two bodies corre- 
sponding in coagulation temperature to musculin and myosinogen (myogen, 
V. Forth), but they are not identical therewith. Hcemoglohin occurs in the 
smooth muscles of certain animals, but is absent in others. In the smooth 
muscles (in certain varieties of animals) creatine^ creatinine^ taurine^ inosite, 
glycogen, and lactic acid have been found. The mineral constituents show 
the remarkable fact that the sodium compounds exceed the potassium 
compounds. 

Henze found abundance of taurine in the muscles of oetopods, 5 p. m., but 
no creatine, which, according to Fremy and Valenciennes,® occurs in the muscles 
of cephalopods. He also found no glycogen and no paralactic acid, but, on the 
contrary, small amounts of fermentation lactic acid. The muscles of oetopods 
are richer in mineral bodies than the muscles of vertebrates, and are nearly twice 
as rich in sulphur as these. 

^ Bottazzi, Centralbl. £. Physiol., 15; Vincent and Lewis, Journ. of Physiol., 20; 
Vincent, Zeitschr. f. physiol. Chem., 34; v. Fiirth, ibid.., 31. 

’ Henze, ibid,, 43; Frtoy and Valenciennes, cited from Kiihne^s Lehrbueh, p. 33S. 
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BRAIN AND .NERVES. 

On account of the difficulty in making a mechanical separation and 
isolation of the different tissue-elements of the central nervous organ and 
the nerves, we must resort to a few microchemical reactions, chiefly to 
qualitative and quantitative investigations of the different parts of the 
brain, in order to study the varied chemical composition of the cells and 
the nerve-axes. This study is accompanied with the greatest difficulty ; 
and although our knowledge of the chemical composition of the brain and 
nerves has been somewhat extended by the investigations of modem times, 
still it must be admitted that this subject is as yet one of the most obscure 
and complicated in physiological chemistry. 

Proteins of different kinds' have been shown to be chemical constituents 
of the brain and nerves, and these are representatives of the same chief 
groups as occur in the protoplasm. In the brain there occur some pro- 
teins which are insoluble in water and neutral salt solutions, and which 
resemble the stroma substances of the muscles and cells, while other pro- 
teins are soluble in water and neutral salt solutions. Among the latter 
we find chiefly and globulins. The nucleoproteid found by 

Halliburton and also by Levene ^ in the gray substance contains 0.5 
per cent phosphorus and coagulates at 55-^60 Levene obtained adenine 
and guanine but no hypoxanthine as cleavage products. According to 
Halliburton there are two globulins, namely, the neuroglobulin a, which 
coagulates at 47*^ or at 50-53° in the case of birds, and the neuroglobulin /?, 
whose coagulation temperature is 70-75°, but which varies somewhat in dif- 
ferent animals. In the frog still another protein body occurs, which coag- 
ulates at a still lower temperature, about 40°. It must be remarked that 
the coagulation temperature of a-globulin corresponds with the tempera- 
ture of the first heat contraction of the nerves of different classes of animals 
(Halliburton). 

Just as there are lecithin-albumins, compounds of proteid with lecithin, so 


^Halliburton, On the Chemical Physiology of the Animal Ceil, King’s College, 
London, Physiological Laboratory, Collected Papers No. 1, 1893, and Ergebnisse der 
Physiologic, 4; Levene, Arch, of Neurology and Psychopathology, 2 (1899). , 
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according to Ulpiani and Belli ^ there exists an analogous compound in the 
brain which is a combination between a protagon-like substance and a pseudo» 
nuclein. 

There does not seem to be any doubt that the proteins belong chiefly 
to the gray substance of the brain- and to the axis-cylinders. The same 
remark also applies to the nwcfem, which v. Jacksgh ^ found in large quan- 
tities in the gray substance. Neurokerdtinj which was first detected by 
KttHNE, and which partly forms the neuroglia, and as a double sheath 
envelops the outside of the nerve-medulla under Schw^ann^S sheath and 
the inner axis-cylinderSj occurs in the nerves, but chiefly, or according to 
Koch entirely, in the white substance (Kuhne and Chittenden, Baum- 
stark s). 

The phosphorized substance protagon must be considered as one of the 
chief constituents, perhaps the only constituent (Bauivistark), of the white 
substance. This last-mentioned substance, if we keep for the present to 
the most carefully studied protagon— because there are perhaps several 
different protagons — yields as decomposition products lecithin, fatty acids, 
and a nitrogenous substance, cerehrin. It is difficult to state whether this 
last body also exists preformed in the brain. At least an allied substance, 
cerebron, occurs preformed in the brain. That lecithm also is pre-existent 
in the brain and neiwes can hardly be doubted. The investigations thus 
far made have not shown decisively whether it is more abundant in the 
gray or the white substance; according to Koch it is much more abundant 
in the white substance. Fatty acids and neutral fats may be prepared from 
the brain and nerves; but as these may be readily derived from a decom- 
position of lecithin and protagon, which exist in the fatty tissue between 
the nerve-axes, it is difficult to decide what part the fatty acids and neutral 
fats play as constituents of the real nerve-substance. Cholesterin seems 
chiefly, and according to Koch perhaps entirely, to occur in the white 
substance. Besides these substances the nerv^e-tissue, especially the white 
substance, contains doubtless a number of other constituents not well 
knoum, and among which are several containing phosphorus. Thudi- 
chumA who has made thorough investigations of the brain and has described 
a great number of brain constituents, has given the name phosphatides to 
all substances of the brain containing the phosphoric-acid radical. Those 
phosphatides which contain only one phosphoric-acid radical are called 
monophosphatides, those with two such radicals diphosphatides. The 

^ Cited from Chem. Centralbl,, 1902, 2, 292. 

^ Pfliiger's Arch., 13. 

^ Koch, Anier. Journ. of Physiol, 11; Kiilme and Chittenden, Zeitschr. f. Biologic 
26; Baumstark, Zeitschr. f. physiol Chem., 9. 

* Thudichiim, Die chemische Konstitution des Gehirns des Menschen iznd der Tiere, ' 
Tubingen, 1901. 



PROTAGON. 4S1 

monophosphatides can contain one, two, or more nitrogen atoms in their 
molecule, while there are also nitrogen-free monophosphatides. Irrespective 
of the relation between phosphorus and nitrogen, certain phosphatides 
differ from the lecithins by not yielding any gtycerophosphoric acid. These 
i'ln^estigations of Thudichum are without doubt of great importance, but 
as they have not been repeated we cannot enter into a discussion of the 
bodies described by him. 

By allowing water to act on the contents of the medulla, round or 
oblong double-contoured drops or fibres, not unlike double-contoured 
nerves, are formed. These remarkable formations, which can also be seen 
in the medulla of the dead nerve, have been called ^^myeline and 

they were formerly considered as produced from a special body, ^dyelined' 
Myeline forms may, however, be obtained from other bodies, such as 
impure protagon, lecithin, fat, and impure cholesterin, and they depend 
upon a decomposition of the constituents of the medulla. According 
to Gad and Heymans ^ myeline is lecithin in a free condition or in loose 
chemical combination. 

The extractive bodies seem to be almost the same as in the muscles. 
One finds creatine, which may, however, be absent (Baumstaek), xanthine 
bodies, inosite, choline, paralactic acid (Moriya), phosphocarnic acid, uric 
acid, fccorm (according to Baldi,^ in the human brain), and the diamine 
neuridine, C 5 H 14 N 2 , discovered by Brieger ^ and which is most interesting 
because of its appearance in the putrefaction of animal tissues or in cultures 
of the typhoid bacillus. Under pathological conditions Zmane and urea- 
have been found in the brain. Urea is also a physiological constituent of 
the brain of cartilaginous fishes. 

Of the above-mentioned constituents of the nerve-substance protagon 
and the cerebrins or cerebrosides must be specially described. 

Protagon. This body, which was discovered by Liebreich, is a nitrog- 
enized and phosphorized substance whose elementary composition, accord- 
ing to Gamgee and Blankenhorn, is C 66.39, H 10.69, N 2.39, and P 1.068 
per cent. Baxjmstark and Ruppel obtained the same figures, while Lieb- 
EEiCH found an average of 2.80 per cent N and 1.23 per cent P. Kossel 
and Frbytag, who obtained still higher figures for the nitrogen, namely, 
3.25 per cent, and somewhat lower figures for the phosphorus, 0,97 per 
cent, found some sulphur, an average of 0.51 per cent, regularly in the 
protagon. Ruppel also found some sulphur, but in such small quantity 
that he considered it as a contamination. Cramer has prepared by an 


^Arch. f. (Anat. u.) Physiol, 1890, , ' 

Arch. f. (Anat. u.) Physiol, 1887, Suppl; Moriya, Zeitschr. f. physiol. 

® Brieger, Ueber Ptomaine, Berlin, 1885 and 1886. . . . . . .. 
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essentially different method a protagon which contained sulphur but had 
in other respects the same composition as that analyzed by Gamgbe 
and Blakkenhorn. Posner and Gies obtained, in a very extensive 
investigation, fractions which had variable compositions. These last 
investigators, as well as Thudichum, Lesem, Worner and Thierfelder, 
and Koch,^ are therefore of the opinion that protagon does not exist as a 
chemical individual, but is a mixture, essentially of cerebrins, lecithin, 
and cephalin. The somewhat variable elementary composition also indi- 
cates the fact that the protagon as ordinarily obtained is not a homogene- 
ous substance. On the contrary, the assumption that protagon is only a 
mixture of cerebrins and lecithin-like bodies is, according to Hammarsten, 
very improbable. That a mixture of amorphous or very difficultly cr3'3- 
tallizable substances produces so readily such a beautifully crystalline 
substance as protagon, which can be recr}^stallized as often as one wishes, 
contradicts the ordinary chemical experience. What seems more probable 
is that the so-called protagon is a crystalline substance which can be purified 
from other substances, perhaps its own decomposition products, with the 
very greatest difficulty. 

As we are not decided whether protagon is only a mixture or is a body 
contaminated with other substances, it is difficult to decide as to how far 
the so-called decomposition products’ exist as preformed constituents of 
the mixture or whether they are true decomposition products. On boiling 
with baryta-water protagon yields the decomposition products of lecithin, 
namely, fatty acids, glycerophosphoric acid, and choline. Kossel and 
Freytag found indeed three cerebrosides, namely, cerebrin, kerasin 
(homocerebrin), and encephalin. 

On boiling with dilute mineral acids protagon yields among other sub- 
stances a reducing carbohydrate. On oxidation with nitric acid protagoxi 
yields higher fatty acids. 

Protagon appears, when dry, as a loose white powder. It dissolves in 
alcohol of 85 vols. per cent at 45° C., but separates on cooling as a snow- 
white, flaky precipitate, consisting of balls or groups of fine crystalline 
needles. It decomposes on heating even below 100° C. It is hardly 
soluble in cold alcohol or ether, but dissolves, at least when freshly precipi- 
tated, in ether on ws^arming. It swells in little water and partly decomposes. 
With more water it swells to a gelatinous or pasty mass, which with much 
water yields an opalescent liquid. On fusing with saltpetre and soda, 
alkali phosphates are obtained. 

^Gamgee and . Biankenhorn, Zeitschr. f. physiol. Chem., 3; Baumstark, 1. c.; 
Riippei, Zeitschr. f. Biologic, Bl; Liebreich, Annal. d. Chem, u. Pharm,, 134; Kossei 
and Freytag, Zeitschr. f. physiol. Chem,, 17; Womer and Thierfelder, ibid., 30; Lesem 
and Gies, Amer. Joum. of Physiol., 8; Thudichum, L c.; Cramer, Journ. of Physiol., 
81; Posner and Gies, Journ. of Biolog, Chem., 1. 



CEREBRIN. 


483 . 


Protagon is prepared in the following wa}’: An ox-brain as fj^sh as 
possible; with the blood and naembranes carefully removed; is ground fine 
and then extracted for several hours with alcohol of 85 vols. per cent at 
45° C.; ' filtered ' at the same temperature, and the residue extracted with 
warm alcohol until the filtrate does not yield a precipitate at 0°C. The 
several alcoholic extracts are cooled to 0° C. and the precipitates united and 
completely extracted with cold ether, which dissolves the cholesterin and 
lecithin-like bodies. The residue is now strongly pressed between filter- 
paper and allowed to dry over sulphuric acid or phosphoric anhydride. It 
is now pulverized, digested with alcohol at 45° C,, filtered, and slowiy 
cooled to 0° C. The cr^^stals which separate may be purified when necessary 
by reciy^stallization. 

The same steps are taken when one wishes to detect the presence of pro- 
tagon. 

On decomposing protagon (or the protagons) by the gentle action of 
alkalies we obtain as cleavage products, as above stated, one or more bodies 
which Thudighum has embraced under the name cerebrosides. The cere- 
brosides are nitrogenous substances free from phosphorus, which yield a 
reducing variety of sugar (galactose) on boiling with dilute mineral acids. 
On fusing with potash or by oxidation with nitric acid they yield higher 
fatty acids — palmitic or stearic acids. The cerebrosides isolated from the 
brain are cerebrin, kerasin, encephalin, and cerebron, but it must be re- 
marked that there is no doubt but that sometimes the same body of varying 
purity has received different names. The bodies isolated by Kossel and 
Freytag from pus, and called pyosin and pyogenin, also belong to the 
cerebrosides. 

Cerebrin. Under this name W. Muller ^ first described a nitrogenous 
substance, free from phosphorus, which he obtained by extracting with 
boiling alcohol a brain-mass which had been previously boiled with bar}dia- 
w^ater. Following a method essentially the same, but differing somewhat, 
Geoghegan 2 prepared from the brain a cerebrin writh the same properties 
as Muller^s, but containing less nitrogen. According to Parcus^ the 
cerebrin isolated by Geoghegan, as well as by Muller, consists of a mix- 
ture of three bodies, “cerebrin,’’ “homocerebrin,” and “encephalin.” Kos- 
sel and Freytag isolated two cerebrosides from protagon which were 
identical with the cerebrin and homocerebrin of Parous. According to 
these investigators, the two bodies phrenosin and kerasin, as described 
by Thudighum, seem to be identical with cerebrin and homocerebrin. 

Cerebrin, according to PAECUS;has the following composition: C 69.08, 

11.47, N 2.13, O 17.32 per cent, which corresponds with the analyses 
made by Kossel and Frey'tag. No formula has been given to this body. 

. , ® Parcus, Ueber einige neue Gehimstoffe, Inaug.-Diss, Leipzig, 
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In 'the dry state it forms; a: 'pure, white, odorless', and tasteless powder. On 
heating it melts, decomposes gradually, smells like burnt fat, and burns 
■with a luminous flame. It is insoluble in water, dilute alkalies, or baiyta- 
w’ater; also in cold alcohol and in cold or hot ether. On the contrary, it 
is soluble in boiling alcohol and separates as a flaky precipitate on cooling, 
■.'and. this: is .found ' to ''consist .of .^a mass of .balls or.grains on microscopical 
,e:xarmnation. ;,'. .Cerebrin forms a'compoimd with .baryta, which, is insoluble 
ill water and is decomposed by the action of carbon dioxide. Gerebrin 
dissolves in concentrated sulphuric acid, and on warming the solution it 
becomes blood-red. The variety of sugar split off on boiling with mineral 
.acids— the so,-called brain-sugar— is, ■■according to Thiekf.eldeb,i galactose.' 

Kerasin (according to Thijdichum), or /lomocerehrm (according to 
PxRCUS), has the following composition: C 70.06, H 11.60, N 2.23, and 
0 16.11 per cent. Eticephalin has the composition C 68.40, H i 1.60, 
N 3.09, and 0 16.91 per cent. Both bodies remain in the mother-liquor 
after the impure cerebrin has precipitated from the warm alcohol. These 
bodies have the tendency of separating as gelatinous masses. Kerasin is 
similar to cerebrin, but dissolves more easily in warm alcohol and also m 
warm ether. It may be obtained as extremely fine needles. Encephalin 
is, according to Pakcxjs, a transformation product of cerebrin. In the 
perfectly pure state it crystallizes in small lamellae. It swells into a pasty 
mass in warm water. Like cerebrin and kerasin, it yields a reducing sub- 
stance (probably galactose) on boiling with dilute acid. 

The cerebrins are generally prepared according to MItller^s method. 
The brain is first stirred with baryta-water until it appears like thin milk, 
and then it is boiled. The insoluble parts are removed, pressed, and 
repeatedly boiled vdth alcohol, which is filtered while boiling hot. The 
impure cerebrin which separates on cooling is freed from cholesterin and 
fat by means of ether and then purified by repeated solution in warm 
alcohol. According to Paecus this repeated solution in alcohol is con- 
tinued until no gelatinous separation of homocerebrin or encephalin takes 

According to Geoghegan^s method the brain is first extracted with cold 
alcohol and ether and then boiled with alcohol. The precipitate which 
separates on the cooling of the alcoholic filtrate is treated with ether and 
then boiled with baryta-water. The insoluble residue is purified by re- 
peated solution in boiling alcohol. 

The cerebrin may also be obtained from other organs by employing the 
above methods. The quantitative estimation, when such is desired, may 
be performed in the same way. , 

Kossel and Fbeytag prepare cerebrin from protagon by saponifying it 
in methyl alcohol solution with a hot solution of caustic baryta in 
methyl alcohol. The precipitate is filtered off and decomposed in water by 
carbon dioxide and the cerebrin or cerebroside extracted from the insoluble 
residue with hot alcohol. , ' 

k^itschr.T. pbysioi. Obem., 14 
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Whether the above-described cerebrins are chemical indmduals or ^ 
matures, i.e.^ impure substances, is still undecided. ' The purest cerebrin^ , 
or cerebroside thus far investigated is undoubtedly Thierfelber's cerebron, 
and there is hardly any doubt also that Muller^s cerebrin consisted essen- 
tially, of cerebron.' 

" . : Cerebron. This cerebrin, isolated by Thierfelber and Worner and 
then especially studied by Thierfelber, was first isolated by Gamgee and 
called pseudocerebrin by him. Thubichum’s ^ phrenosin seems to be im- 
pure cerebron. Cerebron can be prepared directly from the brain without 
saponification with baiyda, by treatment with alcohol containing benzene 
or chloroform at a temperature of 50 °, and hence it is considered as existing 
preformed in the brain. According to Thierfelber cerebron has the 
formula C48H93NO9; it melts at 212°, dissolves in warm alcohol, and 
separates out on cooling. From proper solvents (acetone containing 
chloroform) it may be separated as small needles or plates. If cerebron is 
suspended in 85 per cent alcohol at a temperature of 50 ° C. it balls together 
in amorphous masses, and from these needle- and leaf-shaped crystals 
gradually form. Cerebron also yields galactose, and it can be split by 
acids, best in methyl alcohol containing sulphuric acid, into galactose, 
a base called sphingosm by Thxjbichum, and cerehronic acid (Thtjdichum's 
neurostearic acid). The cleavage takes place, according to Thierfelber, 
as follows: C4sH93N09+2H20=C25H5o03 (cerebronic acid)+Ci7H35N02 
(sphingosin)H-C6Hj206 (galactose). The cerebronic acid consists of snow- 
white crystals which are soluble in alcohol and in ether. They melt at 
99 - 100 ° and give a crystalline methyl ester which melts at 65 °. Sphin- 
gosin is a base which does not form marked crystals and which is insoluble 
in water and ether, but gives a sulphate which is soluble in chloroform and 
in w^arm alcohol. According to Thierfelber and Kitagawa, sphingosin 
is not a unit substance.^ 

Cephalin is a phosphatide whose formula, based upon the investigations 
of Thubichum and Koch^ is probably C42H82NPO13. The view^s of these 
two investigators as to the constitution of this body, which is difficult to 
purify, differ very considerably. According to Thubichlt^, on cleavage it 
yields neurine, giycerophosphoiic acid, stearic acid, and a specific fatty acid, 
cephalic acid* According to Koch it contains on the contrary, only one 
methyl group attached to nitrogen, and is therefore probably dioxystearyl- 
monomethyl lecithin. Cephalin is amorphous and swells up in water like ' 
lecithin. It is soluble in cold ether, glacial acetic acid, and chloroform, but 
is insoluble in acetone and in alcohol, either cold or warm. It is obtained 

^ Thierfelder and Womer, Zeitschr. 1 physiol. Chem., 30; Thierfelder, iUd,, 43, 44, 
and 46; Gamgee, Text-book of Physiol. Chem', London, 1880; Thudichnm, L e. / 

If, cghpidll : ^ 

** Thndichum, L c,; Koch, Zdtschr. f.- physiol., Chem., 36 .' _ . ; '/ 1 ;' . , > ' y ; 
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from tlie brain after, dehydratioii- -with acetone' by extracting with ether and 
precipitating the concentrated ethereal extract with aicohoi. The cephalin 
is perhaps identical with the myeline substance isolated by Zuelzer ^ from 
the brain. 

Bethe" has prepared the following decomposition products from the brain 
of the horse after treatment with Q\iC\rBXid BBidXi: aminoceTehrim 

which on boiling with hydrochloric acid yields cerebrinic acid, amino- 
cerebrinic-acid chloride, and a hexose (galactose perhaps identical 

with Thudichum’s krinosin; cerebrinic-phosphoric acid. Mid aad differ- 

ing somewhat from the ordinary one. 

Neuridine, C 5 H 14 N 2 , is a non-poisonous diamine discovered by Bribgee, and 
which was obtained by him in the putrefaction of meat and ^gelatine, and from 
cultm*es of the typhoid bacillus. It also occurs under physiological conditions 
in the brain, and as traces ill the yolk of the egg. 

Neuridine dissolves in water and yields on boiling with alkalies a mixture of 
dimethylamine and trimethylamine. It dissolves with difficulty in amyl alcohol. 
It is insoluble in ether or absolute alcohol. In the free state, neuridine has a 
peculiar odor, suggesting semen. With hydrochloric acid it gives a compound 
crystallizing in long needles. With platinic chloride or gold chloride it gives 
crystallizable double compounds which are valuable in its preparation and detec- 
tion. 

The so-called corptjscula amylagba, which occur on the upper surface of the 
brain and in the pituitary gland, are colored more or less pure violet by iodine 
and more blue by sulphuric acid and iodine. They consist, perhaps, of the same 
substance as certain prostatic calculi^ but they have not been closely investigated. 

Quantitative Composition of the Brain. The quantity of water is greater 
in the gray than in the white substance, and greater in new-born or young 
individuals than in adults. The brain of the foetus contains 879-926 p. m. 
water. According to the observations of W'eisbach^ the quantity of 
water in the several parts of the brain (and in the medulla) varies at differ- 
ent ages. Tlie following figures are in 1000 parts — A for men and B for 
women: 

20-30 Years. 30-50 Years. 50-70 Years. 70-94 Years, 

White brain-substance.. 695.6 682.9 683.1 703.1 701.9 689.6 726.1 722.0 


Gray . 833.6 826.2 836.1 830.6 83S.0 838.4 847.8 839.5 

Gyri 784.7 792.0 795.9 772.9 796.1 796,9 802.3 801.7 

Cerebellum 7S8.3 794.9 778.7 789.0 787.9 784.5 803,4 797.9 

PonsVaroiii 734.6 ^ 740 v3 725.5 722.0 720.1 714,0 727.4 724,4' 

Med uOa oblongata 744.3 740.7 732.5 729.8 722.4 730.6 736.2 733.7 


Quantitative analyses have also been made of the ox-brain by 
Petrowsky,^ and of the brain of a horse by Baumstark. In the analysis 
of Petrowsky the protagon has not been'considered, and all organic phos- 
phorized substances were calculated as lecithin. On these grounds these 


* W, Koch, Zeitschr. ‘L physiol., Ohem., 36; -Zuelzer,- ihid.^ 27. 

® Arch. f. exp. Path. u. Phann.^' 48. ; 

Cited from K, B, (Wien, 1876), 121.: 
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analyses are not of much value from- a certain standpoint. 'In Baumstark^s 
analyses the gray and the white substance could not be sufficiently sepa- 
rated, and. these analyses, on this account, show partly an excess of white 
and partly an excess of gray substance; nearly one-half of the organic 
bodies, chie% consisting of bodies soluble in ether, could not be exactly 
analyzed. ‘ Neither of these analyses gives sufficient explanation of the 
quantitative composition of the brain. 

The analyses made up to the present time give, as above stated, an 
unequal division of the organic constituents in the gra}^ and white sub- 
stance. In the analyses of Petrowsky the quantity of proteins and gela- 
tine-forming substances in the gray matter was somewhat more than one- 
half, and in the white about one-quarter of the solid organic substances. 
The quantity of cholesterin in the white was about one-half, and in the 
gray substance about one-fifth of the solid bodies. A greater quantity of 
soluble salts and extractive bodies was found in the gray substance than 
in the white (Baxjmstark). The following analyses of Baxjmstark give 
the most important known constituents of the brain calculated in 1000 
parts of the fresh, moist substance. A represents chiefly the white, and 
jB chiefly the gray substance. 


a: b. 

Water. 695 . 35 769 . 97 

Solids .......................... ... 304.65 230.03 

Protagon 25.11 10.80 

Insoluble protein and connective tissue 50.02 60.79 

Cholesterin, free 18.19 6.30 

combined 26.96 17.51 

Nuclein 2.94 1.99 

Neurokeratin 18.93 10.43 

Mineral bodies 5.23 5.62 


The remainder of the solids probably consists chiefly of lecithin and 
other phosphorlzed bodies. Of the total amount of phosphorus 15-20 
p. m. belongs to the nuclein, 50-60 p. m. to the protagon, 150-160 p. m. 
to the ash, and 770 p. m, to the lecithin and the other phosphorlzed organic 
substances. 

As shown by the above analysis Batjmstark differentiated between free 
and combined cholesterin. He believed that a part of the cholesterin in 
the brain occurred in the combined state, perhaps as an ester; this view 
has been found to be incorrect by the recent investigations of Bunz. He 
obtained from the brain neither esters of cholesterin with higher fatty 
acids nor other compounds of cholesterin which split on saponification. 
Tebb Mias also found only free cholesterin. . , . 

The analysis of the brain of an epileptic made by Koch ^ , is of very 
great interest. We cannot enter into a discussion of his method of analysis. 

^ Biinz, Zeitschr. f. physiol, Chem., 46; Tebb, Jpura. of Physiol., 

® Amer. Joum, of Physiol., 11; Koch and Woods, Idum. of Biol. - 
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In order to make the figures found comprehensible, it is perhaps necessary 
to call attention to a few points. The two cerebrins, phrenosin and kerasin, 
were calculated from the quantity of galactose split off. The quantity of 
phosphatides, designated by Koch as lecithans, was determined from the 
quantity of methyl groups split off by hydriodic acid below 240° plus the 
quantity of true lecithin calculated from the quantity of methyl groups 
split off at about 300°. The difference between the quantity of lecithin 
and the total quantity of lecithans gave the amount of cephalin and m}'elin. 
The nature of the sulphurized substance is unknowm. As the protagon, 
according to Koch, is a mixture of various substances, no results as to 
the quantity is given. The other figures require no explanation. 


Corpus 

Callosum. 

Water 67.97 


Protein 3,20 

N ucleoproteid s 3.70 

Neurokeratin 2.70 

Extractives (water-soluble), 1.51 

Lecithins 5.19 

Cephalin and myel in 3.49 

Phrenosin and kerasin 4.57 

Cholesterin 4.86 

Sulphurized substance 1.40 

Mineral bodies 0.82 


3,20 

3.70 

2.70 (Chittenden) 
1.51 

5.19 


Cortex 

(prefrontal). 

84.13 

5.00 

3.00 

I 0.40 (Chittenden) 
1.58 
3.14 
0.74 
1.55 
0.70 
1.45 
0.87 


As the cerebrosides occur chiefly in the myelin sheath, Koch, starting 
from the amount in the investigated part of the brain, attempts to calculate 
the amount of the analyzed • cortical substance in the -white nerves, and 
on the basis of these calculations, he finds the follovwng values for the pure 
gray substance, free from nerve-fibres, and compares them with the corpus 
callosum. The results are in 100 parts of the dry substance. 


^ Corpus Substance 

Oallosum. substance). 

Protein 10.00 21.70 

Nucleoproteids 11.56 9,66 

Neurokeratin. 8.40 — 

Extoctives 4.75 5.92 

Lecithins 10.22 7.67 

Cephalin and myelin 10.91 — 

Phrenosin and kerasin 14.29 — 

Cholesterin 15.20 — 

Sulphurized substance 4.37 5.43 

According to Noll the white substance of the spinal marrow is some- 
what richer in protagon than the brain, and in nerve degeneration the 
quantity of protagon diminishes. The method used by him would not 
allow of an exact determination of the protagon. Mott and Halliburton ^ 
have also shown that in degenerative dise^s of the nervous system the 
quantity of substances containing phosphorus diminishes and that in these 

;» Noll, Zeitschr. U physiol. Chem., g7;, Mott and Halliburton, Philos. Transact., 
Ser. B, 191 (1899) and m (1901). , , . , . , 
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cases, especially , in general paralysis, choline passes into the cerebrospinal 
fluid and the blood. In degenerated nerves, the quantity of water increases 
and the phosphorus decreases. ' 

The quantity of neurokeratin in the nerves and in the different parts of 
the brain has been carefully determined by Kuhne and Chittenden.^ 
They found 3.16 p. m. in the plexus brachialis, 3.12 p. m. in the cortex of 
the cerebellum, 22.434 p. m. in the white substance of the cerebrum, 25.72“~ 
29.02 p. m. in the white substance of the corpus callosum, and 3.27 p. m. 
in the gray substance of the cortex of the cerebrum (when free as possible 
from white substance). The white is decidedly richer in neurokeratin than 
the peripheral nerves or the gray substance. According to Geiffiths,^ 
neuTOchitin replaces neurokeratin in insects and Crustacea, the quantity of 
the first being 10.6-12 p. m. 

The quantity of mineral constituents in the brain amounts to 2.95-7.08 
p. m. according to Geoghegan. He found in 1000 parts of the fresh, 
moist brain 0.43-1.32 Cl; 0.956-2.016 PO4; 0.244-0.796 CO3; 0.102- 
0.220 SO4; O.Oi-0.098 Fe2(P04)2; 0.005-0.022 Ca; 0.016-0.072 Mg; 0.58- 
1.778 K; 0.450-1.114 Na. The gray substance yields an alkaline ash, the 
white an acid ash. 

Appendix* 

THE TISSUES AND FLUIDS OF THE EYE. 

The retina contains in all 865-899.9 p. m. water, 57.1-84.5 p. m. protein 
bodies — myosin, albumin, and mucin (?), 9.5-28.9 p. m. lecithin, and 
8.2-11.2 p. m. salts (Hoppe-Seyler and Cahn^), The mineral bodies 
consist of 422 p. m. Na2HP04 and 352 p. m. NaCl. 

Those bodies which form the different segments of the rods and cones 
have not been closely studied, and the greatest interest is therefore con- 
nected with the coloring-matters of the retina. 

Visual purple, also called rhodofsin, erythropsin, or visual red, is the 
pigment of the rods. Boll ^ observed in 1876 that the layer of rods in the 
retina during life had a purplish-red color which was bleached by the action 
of light. Kxjhnb ^ showed later that this red color might remain for a long 
time after the death of the animal if the eye was protected from daylight 
or investigated by a sodium light. Under these conditions it was also 
possible to isolate and closely study this substance. 

• ® Zeitschr. f . physiol. Chem., 5. . . 

^ Monatsschr. d. Kgi. Preuss. Akad., 12. Nov,, 1876. ^ 

^ The investigations of Ivuhne and his pupils, Ewald and Ayres, on the visual purple 
will be found in Untersuchungen ms dem physiol. Institut der Uhiversltat Heidel- 
berg, 1 and 2, and in Zeitschr. f.Biologie,B2Y 
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Visual red (Boll) or visual purple (Kuhne) has become known mainly 
by the investigations of Kuhne. The pigment occurs chiefly in the rods 
and, only in their outer j)arts. In animals whose retina has no rods the 
visual purple is absent, and is also necessarily absent in the macula lutea. 

In a variety of bat (Rhinolophus hipposideros), in hens, pigeons and new- 
born rabbits, no visual purple has been found in the rods. 

A solution of visual purple in water which contains 2-5 per cent crys- 
tallizied bile, which is the best solvent for it, is purple-red in color, quite 
clear, and not fluorescent. On evaporating this solution in vacuo we 
obtain a residue similar to ammonium carminate which contains violet or 
black grains. If the above solution is dialyzed with water, the bile diffuses 
and the visual purple separates as a violet mass. Under all circumstances, 
even when still in the retina, the visual purple is quickly bleached by direct 
sunlight, and with diffused light with a rapidity corresponding to the in- 
tensity of the light. It passes from red and orange to yellow. Red light 
bleaches the visual purple slowly; the ultra-red light does not bleach it at 
all. A solution of visual purple shows no special absorption-bands, but 
only a general absorption which extends from the red side, beginning at 
D and extending to the G line. The strongest absorption is found at E. 

Koettgen and Aeelsdorp ^ have shown that there are, in accordance with 
Kuhne's views, two varieties of visual purple, the one occurring in mammals, 
birds, and amphibians, and the other, which is more violet-red, in fishes. The 
first has its maximum absorption in the green and the other in the yellowish 
green. 

Visual purple when heated to 52-53® C. is destroyed after several hours, 
and almost instantly when heated to 76® C. It is also destroyed by 
alkalies, acids, alcohol, ether, and chloroform. On the contrary, it resists . 

the action of ammonia or alum solution. 

As the visual purple is easily destroyed by light, it must therefore also 
be regenerated during life. Kuhne has also found that the retina of the 
eye of the frog becomes bleached when exposed for a long time to strong 
sunlight, and that its color gradually returns when the animal is placed in ■ 

the dark. This regeneration of the visual purple is a function of the living ^ 

cells in the layer of the pigment-epithelium of the retina. This may be 
inferred from the fact that a detached piece of the retina which has been 
bleached by light may have its visual purple restored if it is carefully laid 
on the choroid having layers of the pigment-epithelium attached. The - ; 

regeneration has, it seems, nothing to do with the dark pigment, the ^ 

melanin or fuscin, in the epithelium-cells. A partial regeneration seems, ! 

according to Kuhne, to be possible in the retina which has been completely | 

removed. On account of this property of the visual purple of being bleached i 
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by ligiit during, life we may, as Kuhne has shown, under special conditions 
and by observing special precautions, obtain after death, by the action of 
intense light or more continuous light, the picture of bright objects, such 
as windows and the like — so-called optograms. 

The physiological importance of visual purple is unknown. It follows 
that the visual purple is not essential to sight, since it is absent in certain 
animals and also in the cones. , 

Visual purple must always be prepared exclusively in a sodium light. 

It is extracted from the net membrane by means of a watery solution of 
crystallized bile. The filtered solution is evaporated in vacuo or dialyzed 
until the visual purple is separated. To prepare a visual-purple solution 
perfectly free from haemoglobin the solution of visual purple in cliolates is. 
precipitated by saturating with magnesium sulphate, w^ashing the precipi- 
tate with a saturated solution of magnesium sulphate, and then dissolving 
in water by the aid of the cholates simultaneously precipitated.^ 

The Pigments of the Cones, In the inner segments of the cones of birds, rep- 
tiles, and fishes a small fat-globule of varying color is found. Kuhne ^ has 
isolated from this fat a green, a yellow, and a red pigment called respectively 
chloropha7i, xanthophan, and rhodophan. 

The dark pigment of the epithelium-cells of the net membrane, which was 
formerly called rneZanw, but has since been named /i/scw by Kuhne and Mays,® 
contains iron, dissolves in concentrated caustic alkalies or concentrated sulphuric 
acid on warming, but, like the melanins in general, has been little studied. The 
pigment occurring in the pigment-cells of the choroid will be discussed with the 
melanins in Chapter XVI. 

The vitreous humor is often considered as a variety of gelatinous 
tissue. The membrane consists, according to C. Morner, of a gelatine- 
forming substance. The fluid contains a little proteid and a mucoid, 
hyalomucoid, which w^as first shown by Morner, and which is precipitated 
by acetic acid. This contains 12.27 per cent N and 1.19 per cent S. Among 
the extractives we find a little urea — according to Picard 5 p. m., according 
to Rahlmann 0.64 p. m. Pautz^ found besides some urea paralactic 
acidj and, in confirmation of the statements of Chabbas, Jesner, and Kuhn, 
also glucose in the vitreous humor of oxen. The reaction of the vitreous 
humor is alkaline, and the quantity of solids amounts to about 9-1 1 p. m. 

The quantity of mineral bodies is about 6-9 p. m. and the proteins 0.7 p. m. 

In regard to the aqueous humor see page 264. . 

^ Kuhne, Zeitschr. f. Biologic, 32. . ’ 

^ Kuhne, Die nicht best and igen Farben der Netzhaut, Untersuch. aus dem physioL 
Institut Heidelberg, 1 , 341. ' . 

Chem., 1, 454;> Rahlmann, 'Malyhs Jahresber., Op Pautz, Zeitschr. f. ' 

complete review of the literature 'will also be found here.'. / ■' ' - 
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The: Crystalline Lens. That substance which forms the capsule of the 
lens has been investigated by C, Mobner. It belongs, according to him^ 
to a special group of proteins, called membranins. The membranin bodies 
are insoluble at the ordinary temperature in water, salt solutions, dilute 
acids, and alkalies, and, like the mucins, yield a reducing substance on 
boiling with dilute mineral acids. They contain lead-blackening sulphur. 
The membranins are colored a very beautiful red by Mtllon^s reagent, but 
give no characteristic reaction with concentrated hydrochloric acid or 
Adamkiewicz's reagent. They are dissolved with great difficulty by 
pepsin-hydrochloric acid or trypsin solution, but are soluble in dilute acids 
and alkalies in the warmth. Membranin of the capsule of the lens contains 
14.10 per cent N and 0.83 per cent S, and is a little less soluble than that 
from Descemet's membrane. 

The chief mass of the solids of the crystalline lens consists of proteins, 
whose nature has been investigated by C. MoRNEud Some of these pro- 
teins dissolve in dilute salt solution, while others remain insoluble in this 
solvent. 

The Insoluble Protein. The lens-fibres consist of a protein substance 
which is insoluble in water and in salt solution and to which Morner has 
given the name albumoid. It dissolves readily in very dilute acids or 
alkalies. Its solution in caustic potash of 0.1 per cent is very similar to an 
alkali-albuminate solution, but coagulates at about 50° C. on nearly com- 
plete neutralization and the addition of 8 per cent NaCl. Albumoid has 
the following composition: C 53.12, H 6.8, N 16.62, and S 0.79 per cent. 
The lens-fibres themselves contain 16.61 per cent N and 0.77 per cent S. 
The inner parts of the lens are considerably richer in albumoid than the 
outer. The quantity of albumoid in the entire lens amounts on an average 
to about 48 per cent of the total weight of the proteins of the lens. 

The Soluble Protein consists, exclusive of a very small quantity of albu- 
min, of two globulins, a- and ^8-crystallin. These two globulins differ from 
each other in this manner: a-crystallin contains 16.68 per cent N and 0.56 
per cent S; /9-cry stallin, on the contrary, 17.04 per cent N and 1.27 per 
cent S. The first coagulates at about 72° C. and the other at 63° C. Besides 
this, /3-crystallin is precipitated from a salt-free solution with greater diffi- 
culty and less completely by acetic acid or carbon dioxide. These globu- 
lins are not precipitated by an excess of NaCl at either the ordinary tem- 
perature or 30° C. Magnesium or sodium sulphate in substance precipi- 
tates both globulins, on the contrary, at 30° C. These two globulins are 
not equally divided in the mass of the lens. The quantity of a-eiystallin 
diminishes in the lens from without inwards; ^-crystallin, on the contrary, 
from within outwards. 


Zeitsehr. f, physiol. Chem,;, 18. This contains also the pertinent literature. 
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■ A. Bechamp " distinguishes' the, two following protein bodies, in the ' watery 
extract of * t!|p‘ crystalline lens: pAac(? 2 : 2 /masc, which coagulates at 55® G.j con- 
tains a diastatic enzyme, and has a specific rotatory power of 
and the cryUalbumm, with a specific rotatory power of (a)/ = —80.3®* From 
the residue of the lens, which was insoluble in water, Bechamp extracted, by 
means of hydrochlbric acid, a protein body having a specific rotatory power of 
(a) j ^ SO 2° f whith he called crystal fibrin. 

The lens does not seem to contain any protein bodies which coagulate 
spontaneously like fibrinogen. That cloudiness which appears after death 
depends, according to Kuhne, upon the unequal changing of the concen- 
tration of the contents of the lens-tubes. This change is produced by the 
altered ratio of diffusion. A cloudiness of the lens may also be produced in 
life by a rapid removal of water, as, for example, when a frog is plunged 
into a salt or sugar solution. The appearance of cloudiness in diabetes has 
been attributed by some to the removal of water. The views on this sub- 
ject are, however, contradictory. 

The average results of four analyses made by Laptschinsky ^ of the 
lens of oxen are here given, calculated in parts per 1000: 


Proteins 349.3 

Lecithin 2.3 

Cholesterin. ........................ . . . . .... , ........ 2.2 

Fat. 2.9 

Soluble salts. 5.3 

Insoluble salts. ... . . . . . — ...... . . . . . . ..... ......... 2.3 


In cataract the amount of proteins is diminished and the amount of 
cholesterin increased. 

The quantity of the different proteins in the fresh moist lens of oxen is 
as follows, according to Morner ^: 


Albumoid (lens-fibres). 170 p. m. 

/?-Crystailin 110 

a-Crystallin 68 ‘ ' 

Albumin 2 


The corneal tissue has been previously considered (page 434). The 
sclerotic has not been closely investigated, and the choroid coat is chiefly of 
interest because of the coloring-matter (melanin) it contains (see Chapter 

Tears consist of a water-clear, alkaline fluid of a salty taste. Accord- 
ing to the analyses of Leech ^ they contain 982 p. m. water, 18 p. m. solids 
with 5 p. m. albumin and 13 p. m. NaCL 


® Cited from v. Gorup-Besaness, Lehrbuch d. physiol. Chem., 4. Auf!., 401. . 
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■ THE FLUIDS OF THE INWER EAR.. 

The perilympli and endoiymph are alkaline fluids which, besides salts, 
contain — in the same amounts as in transudates — traces of proieui, and in 
certain animals (codfish) also mucin. The quantity of mucin is greater in 
the perilymph than in the endol3’^mph. 

Otoliths contain 745-795 p. m. inorganic substance, which consists 
chiefly of crystallized calcium carbonate. The organic substance i;] very 
similar to mucin. 



CHAPTER XIII. 


ORGANS OF GENERATION. 

(a) Male Generative Secretions. 

The testes have been little investigated chemically. We find in the 
testes of animals protein bodies of different kinds'— seralbumin, alkali albu- 
minate {?), and an albuminous body related to Rovida’s hyaline substance; 
also leucine, tyrosine, creatine, xanthine bodies, cholesterin, lecithin, inosite, 
and jat. In regard to the occurrence of glycogen the statements are some- 
what contradictory. DaresteI found in the testes of birds starch-like 
granules, which ‘were colored blue with difficulty by iodine. 

In the autolysis of the testes Levene ^ found tyrosine, alanine, leucine, 
amino valerianic acid, aminobutyrie acid, a-proline, phen 3 dalanine, aspartic acid, 
glutamic acid, and hypoxan thine. P3?Timidine and hexone bases could not be 
detected. 

The semen as ejected is a white or whitish-yellow, viscous, sticky fluid 
of a milky appearance, with whitish, non-transparent lumps. The milky 
appearance is due to spermatozoa. Semen is heavier than water, contains 
proteins, has a neutral or faintly alkaline reaction and a peculiar specific 
odor. Soon after ejection semen becomes gelatinous, as if it were coagu- 
lated, but afterwards becomes more fluid. WTieii diluted with water white 
flakes or shreds separate (Henle^s fibrin). According to the anatyses of 
Slo^vtzopf,^ human semen contains on an average 96.8 p. m. solids with 
9 p. m. inorganic and 87.8 p. m. organic substance. The amount of pro- 
tein substances was, on an average, 22.6 p. m. and 1.69 p. m. of bodies solu- 
ble in ether. The protein substances consist of nucleoproteids, traces of 
mucin, albumin, and a substance similar to proteose (found earlier by 
Posner). According to Cavazzani ^ semen contains relatively considerable 
nucleon, more than any organ. The mineral bodies consist chiefly of 
calcium phosphate and considerable Nad. Potassium occurs only in 
smaller amounts. ’ ... 

* Amer. Journ. of Physiol., 11, ’ ' . 

Posner, Berl. Min. Wochenschr., 1888, No. 21, and CentralbL f. d. med. Wissenseb., 
1890; Cavazzani, Biochem. CentralbL, 1,502, and CentralbL f. Physiol,, 19., , 
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The semen in the vas deferens differs chiefly from the ejected semen in 
that it is without the peculiar odor. This last depends on the admixture 
with the secretion of the prostate. This secretion, according to Iversen^ 
has a milk}’ appearance and ordinarily an alkaline reaction, very rarely a 
neutral one, and contains small amounts of proteins, especially mideopro- 
teids^ besides a substance similar to fibrinogen and to mucin (Stern ^), and 
mineral bodies, especially NaCL Besides this it contains an enzyme vesic^ 
ulase (see below), lecithin, choline (Stern), and a crystalline combination 
of phosphoric acid with a base, C2H5N. This combination has been called 
Bottcher’s spermine crystals, and it is claimed that the specific odor of the 
semen is due to a partial decomposition of these cr^^^stals. 

The crystals which appear on slowly evaporating the semen, and which 
are also observed in anatomical preparations kept in alcohol, are not iden- 
tical with the Charcot-Leyden crystals found in the blood and in the 
lymphatic glands in leucsemia (Th. Cohn, B. Lewy 2). They are, according 
to Schreiner,^ as above stated, a combination of phosphoric acid with a 
base, spermine, C2H5N, which he discovered. 

Spermine. The views in regard to the nature of this base are not unanimous. 
According to the investigations of Ladenburg and Abel, it is not improbable 
that spermine is identical with ethyleneimine ; but this identity is disputed by 
Majert and A. Schmidt, and also by Poehl. The compound of spermine v-ith 
phosphoric acid — BdTTCHBR^s spermine crystals — is insoluble in alcohol, ether, 
and chloroform, soluble with difficulty in cold water, but more readily in hot 
water, and easily soluble in dilute acids or alkalies, also alkali carbonates and 
ammonia. The base is precipitated by tannic acid, mercuric chloride, gold chlo- 
ride, platinic chloride, potassium-bismuth iodide, and phosphotungstic acid. 
Spermine has a tonic action, and according to Poehl it has a marked action on 
the oxidation processes of the animal body. 

On the addition of a solution of potassium iodide and iodine to spermatozoa, 
characteristic dark-brown or bluish-black crystals are obtained — Florence's 
sperm reaction, which is considered by many as a reaction for spermine. 
According to Bocarius,® this reaction is due. to choline. 

Camus and Gley® have found that the prostate fluid in certain rodents 
has the property of coagulating the contents of the seminal vesicles. This prop- 
erty is due to a special ferment substance (vesiculase) of the prostate fluid. 


^Iversen, Nord. med. Ark., 0; also Malyhs Jahresber., 4, 358; Stern, Biochem. 
Cent ralbL, 1, 748. 

2 Th. Cohn, Centralbl f. allg. Path, u, path. Anat., 10 (1899); B. Lewy, CentralbL 
f. d. med, Wissensch., 1899, 479. 

® Annal. d. Chem. n, Pharm., 104. 

^ Ladenburg and Abel, Ber. d. deutsch. chem. Gesellsch., 21; Majert and A. Schmidt, 
ibid,, 24; Poehl, Compt. rend., 115, Berlin, klin; Wochenschr., 1891 and 1893, Deutsch. 
med. Wochenschr., 1892 and 1895, and 2eitschr. f. klin. Med., 1894, 

®In regard to Florence's sperm reaction, see Posner, Berl klin. Wochenschr. 
1897, and Richter, Wien. klin. W'ochenschr., 1897; Bocariiis, Zeitschr. f. physiol. 

* Compt. rend, de soc. biolog., 48, 49. : 
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. The spermatozoa show a great resistance to chemicar reagents in general. 
They do not dissolve completely in concentrated sulphuric acid, nitric acid, 
acetic acid, nor in boiling-hot soda solutions. They are soluble in a boiling- 
hot caustic-potash solution. They resist putrefaction, and after drying they 
may be obtained again in their original form by moistening them with a 1 
per cent common-salt solution. By careful heating and burning to an ash 
the shape of the spermatozoa may be seen in the ash. The quantity of 
ash is about 50 p. m. and consists mainly (f) of potassium phosphate. 

The spermatozoa sliow well-known movements, but the cause of this is 
not laiown. These movements may continue for a very long time, as under 
some conditions the}^ may be observed for several days in the body after 
death, and in the secretion of the uterus longer than a week. Acid liquids 
stop these movements immediately; they are also destroyed by strong 
alkalies, especially ammoniacal liquids, also by distilled water, alcohol, 
ether, etc. The movements continue for a longer time in faintly alkaline 
liquids, especially in alkaline animal secretions, and also in properly 
diluted neutral salt solutions. 

Spermatozoa are nucleus formations and hence are rich in nucleic acid, 
w’hich exists in the heads. The tails contain protein and are besides this 
rich in lecithin, cholesterin, and fat, which bodies occur only to a small 
extent (if at all) in the heads. The tails seem by their composition to be 
closely allied to the non-medullated nerves or the axis-cylinders. In the 
various kinds of animals investigated, the head contains nucleic acid, which 
in fishes is partly combined with protamines and partly with histones. In 
other animals, such as the bull and boar, protein-like substances occur with 
the nucleic acid, but no protamine. 

Our knowledge of the chemical composition of spermatozoa has been 
greatly enhanced by the important investigations of Miescher ^ on salmon 
milt. The intermediate fluid of the spermatozoa of Rhine salmon is a 
dilute salt solution containing 1.3-1.9 p. m. organic and 6.5~7,5 p. m, 
inorganic bodies. The last consist chiefly of sodium chloride and carbonate, 
besides some potassium chloride and sulphate. The fluid contains only 
traces of protein, but no peptone. The tails consist of 419 p. m. protein, 
318.3 p. m, lecithin, and 262.7 p. m. cholesterin and fat. The heads 
extracted with alcohol-ether contain on an average 960 p. m. protamine 
nucleate, wiiich nevertheless is not uniform, but is so divided that the outer 
layers consist of basic protamine nucleate, while the inner layers, on the® 
contrary, consist of acid protamine nucleate. Besides the protamine 
nucleate there are present in the heads, although to a very slight extent, 
unknown organic substances. The unripe salmon spermatozoa, , while; 

^ See Micscher, ^'Die histochemisehen uBd physiologischen Arbeiten von Friedrich ^ 
Miescher, gesammelt und herausgogeben von seinen Freunden,”, Xei|iz^,^lS97^ 
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developing, also contain nucleic acid, but no protamine, with a protein 
substance, albuininosej” which probably is a step in the formation of 
protamine. According to Kossel and Mathews/ in the herring as in 
the salmon, the heads of the spermatozoa consist of protamine nucleate 
but no free protein. 

Spermatin is a name which has been given to a constituent similar to alkali 
albuminate, but it has not been closely studied. 

Prostatic concrements are of two kinds. One is very small, generally oval in 
shape, with concentric layers. In young but not in older persons they are colored 
blue by iodine (Iversen The other kind is larger, sometimes the size of the 
head of a pin, and consisting chiefly of calcium phosphate (about 700 p. m.), with 
only a very small amount (about 160 p, m.) of organic substance. 

(b) Female Generative Organs. 

The stroma of the ovaries is of little interest from a physiologico- 
chemical standpoint, and the most important constituents of the ovaries, 
the Graafian follicles with the ovurrij have not thus far been the subject 
of a careful chemical investigation. The fluid in the follicles (of the cow) 
does not contain, as has been stated, the peculiar bodies, paralbumin or 
metalbumin,- which are found in certain pathological ovarial fluids, but 
seems to be a serous liquid. The corpora lutea are colored yellow by an 
amorphous pigment called lutein. Besides this another coloring-matter 
sometimes occurs which is not soluble in alkali; it is crystalline, but not 
identical with bilirubin or hsematoidin; but it may be identified a lutein 
hj its spectroscopic behavior (Piccolo and Lieben, Kuhne and Ew- ald 

The cysts often occurring in the ovaries are of special pathological 
interest, and these may have essentially different contents, depending 
upon their variety and origin. 

The serous cysts (Hydrops follictjlorxjm Graapii), which are formed 
by a dilation of the Graafian follicles, contain a serous liquid which has a 
specific gravity of 1.005-1.022. A specific gravity of 1.020 is less frequent. 
Generally the specific gravity is lower, 1.005-1.014, with 10-40 p. m. solids. 
As far as is known, the contents of these cysts do not essentially differ from 
other serous liquids. 

The proliferous cysts (myxoid cysts, colloid cysts), which are devel- 
oped from Ppluger's epithelium-tubes, may have a content of a decide lly 
vax'iable composition. 

We sometimes find in small cysts a semi-solid, transparent, or somewhat 
cloudy or opalescent mass which appears like solidified glue or quivering 
jelly, and which has been called ; because of its physical pro| 3 erties. 

In other cases the cysts contain a thick, tough mass which can be drawn out 

/ ' \ ^ Zeitschr. f. physiol Chem.,,2i\ - “ * Nqid, med. Ark.,. 6. ^ ^ See Chapter VI, p. 216. 


COI^LOID. 


499 


Into long threads, and, as this mass in. the different, cysts Is 'more; or less 
diluted with serous liquids their, contents may have a variable consistency* 
In still other cases the small cysts may also contain a thin, watery fluid* 
The color of the contents is also variable*' Sometimes they are bluish 
white, opalescent, and again they are yellow^, yellowish brown, or yellowish 
mth a shade of green. They are often '/colored more; or less chocolate- 
brown or red-brown, due to the decomposed blood-coloring matters. The 
reaction is alkaline, „or nearly neutral.; - The specific gravity, ,^111011' may 
vary considerably, is generally 1.015-1.030, but may occasionally be 1.005- 
1.010 or 1.050-1.055. The amount of solids is very variable. In rare 
cases it amounts to only 10-20 p, m.; ordinarily it varies between 50-70- 
100 p. m. In a few instances 150-200 p. m. solids have been found. 

As form-elements one finds red and white Uood-corjmsdes^ granular 
cells, partly fat-degenerated epithelium, and partly large so-called , Gluge's 
corpuscles, fine granular masses, ejnthelium-cells, cholesterin crystals, and 
colloid large, circular, highly refractive formations. 

Though the contents of the proliferous cyst may have a variable compo- 
sition, still it may be characterized in typical cases by its slimy or ropy 
consistency; by its grayish-yeliowq ehocolate-browTi, sometimes whitish- 
gray color; and by, its relatively' high. 'specific gravity, 1 .0 15-1 .025. Such a 
liquid does not ordinarily show a spontaneous fibrin coagulation. 

We consider and 'paralbmnin as characteristic con- 
stituents of these cysts. ■ , , 

Colloid. This name does not designate any particular chemical sub*. 
stance, but is given to tlie contents of tumors with certain physical proper- 
ties similar to gelatine jelly. Colloid is found as a pathological product 
in several organs. 

Colloid is a gelatinous mass, insoluble in water and acetic acid; it is 
dissolved by alkalies and gives a liquid which is not precipitated by acetic 
acid or by acetic acid and potassium ferrocyanide. According to Pfannen- 
STiEL ^ such a colloid is designated /?-pseudomudn. Sometimes a colloid is 
found which, when treated vnth a Yery dilute alkali, gives a solution similar 
to a mucin solution. Colloid is very closely related to mucin and is con- 
sidered by certain investigators as a modified mucin. An ovarial colloid 
analyzed by Panzek contained 931 p.m. water, 57 p. m. organic substance, 
and 12 p. m. ash. The elementary composition was C 47.27, H 5.86, N 
8.40, S 0.79, P 0.54, and ash 6.43 per cent. A colloid found by Wurts? ^ 
in the lungs contained C 48.09, H 7.47, N 7.00, and 0( + S) 37.44 per cent. 
Colloids of different origin seem to be of varying composition. 


^ Arch. f. Gynak., S8. ^ y 

® Panzer, Zeitsehr. f. physiol. Chem.^,2S; Wurtz, see Lebert^, Bdtr. zqr Kepatnis ■ 
des Gallortkrebses, Virchow^s Arch., 4. ' ' * 
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: This n Scherer ^ gave to a protein substance found 
by him in an ovarial fluid. The metalbumin was considered by Sghebbb 
to be an albuminous body, but it belongs to the mucin group, and it is for 
this reason called 'pseudomucin by Hammarsten.^ 

Pseudomucin* This body, which, like the mucins, gives a reducing 
substance when boiled with acids, is a mucoid of the following composition: 
C 49.75', & N 10.28, S 1.25,. O 31.74 percent (Hammarsten). ■ : With 
water pseudomucin gives a slimy, ropy solution, and it is this substance 
which gives the fluid contents of the ovarial cysts their typical ropy prop- 
erty. Its solutions do not coagulate on boiling, but only become milky 
or opalescent. Unlike mucin, pseudomucin solutions are not precipitated 
by acetic acid. With alcohol they give a coarse flocculent or thready 
precipitate which is soluble even after having been kept under water or 
alcohol for a long time. 

Paralbumin is another substance discovered by Scherer, which occurs 
in ovarial liquids and also in ascitic fluids with the simultaneous presence 
of ovarial cysts and rupture of the same. It is therefore only a mixture 
of pseudomucin with variable amounts of protein, and the reactions of 
paralbumin are correspondingly variable. 

Mitjukoff ^ has isolated and investigated a colloid from an ovarial cyst. It 
had the following composition: C 51.76, H 7.76, N 10.7, S 1.09, and O 28.69 per 
cent, and differed from mucin and pseudomucin by reducing Feeling’s solution 
before boiling with acid. It must be remarked that pseudomucin, on boiling 
sufflciently long with alkali, or by the use of a concentrated solution of caustic 
alkali, also splits and causes a reduction. This reduction is nevertheless weak 
as compared with that produced after boiling with an acid. The body isolated 
by Mitjukoff is called 

The pseudomucin as well as colloid are mucoid substances, and the 
carbohydrate obtained from them is glucosamine (chitosamine), as espe- 
cially shown by Fe. Muller, Neuberg and Heymann.^ From pseudo- 
mucin Zangerle obtained 30 per cent glucosamine, and Neuberg and 
Heymann have shown that the glucosamine is the only carbohydrate 
regularly taking part in the structure of these substances. Still there are 
also statements as to the occurrence of chondi'oitin-suiphuric acid (or an 
allied acid) in pseudomucin or colloid (Panzer), but this is not constant 
according to the experience of Hammabsten. 


^ Verb. d. physik.-med. Gesellsch. in Wurzburg, 2, and Sitzungsber. der physiL- 
med. Gesellseh. in Wurzburg fur 1864-1865;, Wiirzburg med. Zeitschr., 7, No. 6. 

^ Zeitschr, f. physiol. Chem., 6. 

® K. Mitjukoff, Arch. f. GynakoL, 49. 

* Muller, Verb. d. Naturf. Gesellseh. in Basel, 12, part 2; Neuberg and Heymann, 
Hofmeister’s Beitrage, 2. See" also,;Leathes,’ Arch. f. exp. Path. u. Pharm., 43. 
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As hydrolytic cleavage products of pseudomucin" Otoei ^ has obtained, 
besides carbohydrate derivatives such as ievuiinic acid /and humus, sub- 
stances, leucine, tyrosine, glycocoll, aspartic acid, glutamic acid, valerianic 
acid, arginine, lysine, and guanidine. The quantity of guanidine, it seems, 
was greater than that which could be derived from the arginine, hence 
this body probably originated from another complex. 

The detection of metalbumin and paralbumin is naturally connected 
with the detection of pseudomucin. A typical ovarial fluid containing 
pseudomucin is, as a rule, sufficiently characterized by its physical proper- 
ties, and a special chemical investigation is necessary only in cases where a 
serous fluid contains very small amounts of pseudomucin. The procedure 
is as follows: The protein is removed by heating to boiling with the addition 
of acetic acid; the filtrate is strongly concentrated and precipitated by 
alcohol. The precipitate, a transformation product of pseudomucin, 
is carefully washed with alcohol and then dissolved in w^ater. A part of 
this solution is digested with saliva at the temperature of the body and then 
tested for glucose (derived from glycogen or dextrin). If glycogen is pres- 
ent, it will be converted into glucose by the saliva; precipitate again with 
alcohol and then proceed as in the absence of glycogen. In this last-men- 
tioned ease, first add acetic acid to the solution of the alcohol precipitate 
in water so as to precipitate aiiy existing mucin. The precipitate produced 
is filtered off, the filtrate treated with 2 per cent HCl and warmed on the 
water-bath until the liquid is deep brown in color. In the presence of 
pseudomucin this solution gives Trommer’s test. 

The other protein bodies which have been found in cystic fluids are 
serglobulm and seralbufniUy peptone (?), mucin, and mucin-peptone (?). 
Fibrin occurs only in exceptional cases. The quantity^ of mineral bodies 
on an average amounts to about 10 p. m. The amount of extractive 
bodies (cholesterin and urea) and fat is ordinarily 2-4 p. m. The remaining 
solids, which constitute the chief mass, are protein bodies and pseudomucin. 

The intraiigamentary, papillary cysts contain a yellow, yellowish- 
green, or bromiish-green liquid which contains either no pseudomucin or 
very little. The specific gravity is generally rather high, 1.032-1.036, 
with 90-100 p. m. solids. The principal constituents are the simple proteins 
of blood-serum. 

The rare tubo-ovarial cysts contain as a rule a watery, serous fluid con- 
taining no pseudomucin. 

The parovarial cysts or the cysts of the ligamenta lata may attain a 
considerable size. In general, and when quite typical, the contents are^ 
watery, mostly veiy pale yellow-colored, water-clear or only slightly opal- 
escent liquids. The specific gravity is low, 1.002-1.009, and the solids only 
amount to 10-20 p. m. Pseudomucin does not occur as a typical constit- 
uent; protein is sometimes absent, and when it does occur the quantity is 

^ Zeitschr. f. physiol. Chem., 42 and, 4^.';' 'r'. '/'v-'S ‘ 
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very small The principal part of ..■the. solids consists of salts and extrac- 
tive bodies. In exceptional cases the fluid may be rich in protein and may 
show: a higher specific gravity^^ 

In regard to the quantitative composition of the fluid from ovarial cysts 
we refer the reader to the work of Oerum.^ 

E. Ludwig and R. v, Zeynek ^ have recently investigated the fat from 
dermoid cj^sts. Besides a little arachidic acid, they found oleic, stearic, palmitic, 
ai..d myristic acids, cetyl alcohol, and a cholesterin-Iike substance. 

The colloid from a uterine fibroma analyzed by Stollmann ® contained a 
pseudomucin soluble in water and a colloid (paramucin) insoluble in water, both 
oi‘ winch behaved differently with alcohol as compared with the corresponding 
substances from ovarial cysts. 

The Ovum. 

The small ova of man and mammals cannot, for evident reasons, be the 
subject of a searching chemical investigation. Up to the present time the 
eggs of birds, amphibians, and fishes have been investigated, but above all 
the hen^s egg. We mil here occupy ourselves with the constituents of this 
last. . .. 

The Yolk of the Hen’s Egg. In the so-called white yolk, which forms 
the ger7n with a process reaching to the centre of the yolk (latehra)^ and form- 
ing a layer between the yolk and yolk-membrane, there occur protein, 
nuclein, lecithin, and potassium (Liebermann ^). The occurrence of gly- 
cogen is doubtful. The yolk-membrane consists of an albuminoid similar 
in certain respects to keratin (Liebermann). 

The principal part of the yolk — the nutritive yolk or yellow^ — is a 
viscous, non-transparent, pale-yellow or orange-yellow alkaline emulsion 
of a mild taste. The yolk contains vitellin, lecithin, cholesterin, fat, color-- 
ing-nmtters, traces of neuridine (Brieger^), purine bases (Mesbrnitzei ^), 
glucose in very small quantities, and mineral bodies. The occurrence of 
cerebrin and of granules similar to starch (Dareste ’^) has not been posi- 
tively proved. 

Several enzymes have been found in the yolk, especially a diastatic 
enzyme (Muller and Masuyama), a glycolytic enzyme (Stepanek) which 
in the absence of air brings about an alcoholic fermentation of sugar and 


; ^ Ivetniske Studier over Ovariecystevaedsker, etc., Koebenhavn, 1884, See also 
Malyhs Jaliresber., 14, 459.' 

- Zeitsc.hr. f., physiol. Chem., 

® American Gynecology, March, 1903. 

^ Pfiixgeris Arch., 43. 

® Ueber Ptomaine, Berlin, 1885. , ■ . , 

® Mesemitzki, Biochem. Centralbl, 1, 739, 
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in the presence of air forms carbon dioxide and lactic acid /and finally a 
proteolytic (Wohlgemuth), a lipolytic, and a chromolytic (?) enzyme/ 

0¥oviteilin. This body, which is generally considered as a globulin, is 
in reality a nucleoalbumin. The question as to what relationship other 
protein substances which are related to ovovitellin, like the aleuron grains 
of certain seeds and the yolk spherules of the eggs of certain fishes and 
amphibians, bear to tliis substance is one which requires further investi- 
gation., ■ 

The ovovitellin which has been prepared from the yolk of eggs is not a 
pure protein body, but always contains lecithin. Hoppe-Seylee found 
25 per cent lecithin in vitellin. The lecithin may be removed by boiling 
alcohol, but the \i.tellin is changed thereby, and it is therefore probable that 
the lecithin is chemically united with the vitellin (Hoppe-Seylee^). Ac- 
cording to Osborne and Campbell, the so-called ovovitellin is a mixture 
of various vitellin-leci thin cpmbinations, with 15-30 per cent of lecithin. 
The protein substance ^reed from lecithin is the same in all these compounds 
and has the following composition: C 51.24, H7.i6, N 16.38, S 1.04, P 0.94, 
O 23.24 per cent. These figures differ somewhat from those obtained by 
Gross for vitellin prepared by another method (precipitation with 
(NH 4 ) 2 S 04 ), namely, C 48X)1, H 6.35, N 14.91-16.97, P 0.32-0.35, S 0.88, 
and the composition of ovovitellin is therefore not positively known. 
Gross found in vitellin a globulin coagulating at 76-77^ C. in a solution 
containing hydrochloric acid. 

On the pepsin digestion of ovovitellin, Osborne and Campbell obtained 
a pseud oiiuclein with varying amounts of pho^^phorus, 2,52-4.19 per cent. 
Bunge ^ prepared a pseudonuclein by digest’ ng the yolk witii gastric juice, 
and his pseudonucleiii, according to him, is of great importance in the 
formation of the blood, and on these grounds he called it hcematogen. Tliis 
hsimatogen has the follovdng composition: C 42.11, H 6.08, N 14.73, S 0.55, 
P 5.19, Pe 0.29, and 0 31.05 per cent. The composition of this substance 
may vary considerably even on using the same method of preparation. 

Vitellin is similar to tire globulins in that it is insoluble in water, but on 
the contrary soluble in dOiite neutral-salt solutions (although the solution 
is not quite transparenth It is also soluble in hydrochloric acid of 1 p. m. 
and in very dilute solutions of alkalies or alkali carbonates. It is precipi- 
tated from its salt solution by diluting with water, and when allowed to 


^ Muller and Masuyama, Zeitschr, f. Biologie, 39; Stepanek, Centralbl. f. Physiol./ 
18, 188; Wohlgemuth in Salkowski’s Festschrift and Zeitschr. f. physiol. Chem., 44. 

® Osborne and Campbell, Connecticut Agric. Exp., Station^ 23d Ann. Eeport, New 
Ba\Tn, 1900; Gross, Zur Kenntn. d. OvoviteHms, Inaug.-Diss. Strassburg, 1899. , 

^ Zeitschr, f* physiol. Chem., 9, 49, See also Hugounenq and^Morj^lj^: Compt, rend,. 


504 


ORGANS " OF ■GENERATION. 


stand some time in contact with water the vitellin is gradually changed^ 
forming a substance more like the albuminates. The coagulation tempera- 
ture for the solution containing salt (NaCl) lies between 70° and 75° C./ 
or^ when heated veiy rapidly, at about 80° C. Viteliin differs from the 
globulins in yielding pseudonuclein by peptic digestion. It is not always 
completely precipitated by NaCl in substance. The ovovitellin isolated 
Gross gave MolischA reaction. Neuberg ^ has also split off glucosamine 
from the yolk and has identified it as norisosaccharic acid. It is difficult 
to state whether this glucosamine was derived from the vitellin or from 
some other constituent of the yolk. 

The chief points in the preparation of ovovitellin are as follows: The 
yolk is thoroughly agitated with ether; the residue is dissolved in a 10 per 
cent common-salt solution, filtered, and the vitellin precipitated by adding 
an abundance of water. The vitellin is now purified by repeatedly redis- 
solving in dilute common-salt solutions and precipitating with water. 

Ichthulin, which occurs in the eggs of the carp and other fishes, is, according 
to Kossel and Walter, an amorphous modification of the crystalline body 
ichtkidin, which occurs in the eggs of the carp. Ichthulin is precipitated on 
diluting with water. It used to be considered as a vitellin. According to Walter 
it yields a pseudonuclein on peptic digestion; and this pseudonuclein gives a 
reducing carbohydrate on boiling with sulphuric acid. Ichthulin has the follow- 
ing composition: C 53.42, H 7.63, N 15.63, 0 22.19, S 0.41, P 0.43. It also con- 
tains iron. The ichthulin investigated by Levenb from codfish eggs had the 
composition C 52.44, H 7.45, N 15.96, S 0.92, P 0.65, Fe+0 22.58 per cent, and 
yielded no reducing substances on boiling with acids. The pure vitellin isolated 
by Hammarsten^ from perch eggs had a similar behavior and was very readily 
changed by a little hydrochloric acid so that it was converted into a typical 
pseudonuclein. The codfish ichthulin yielded a pseudonucleic acid with 10.34 
per cent phosphorus, but this acid still gave the protein reactions. 

The yolk also contains albumin^ besides vitellin and the above-mentioned 
globulin. 

The fat of the yolk of the egg is, according to Liebermann, a mixture 
of a solid and a liquid fat. The solid fat consists chiefly of tripalmitin with 
some tristearin. On the saponification of the egg-oil Lieberjviann obtained 
40 per cent oleic acid, 38.04 per cent palmitic acid, and 15.21 per cent stearic 
acid. The fat of the yolk of the egg contains less carbon than other fats, 
which may depend upon the presence of monoglycerides and diglycerides, or 
upon a quantity of fatty acid deficient in carbon (Liebermann). In the 
lecithin, or more correctly in the lecithin mixture of the yolk, Cousin finds 
also linolic acid besides the three ordinary fatty acids. The composition 
of yolk fat is dependent upon the food, as Henriques and Hansen ^ liave 
shown that the fat of the food passes into the egg. 

* Ber. d. d. chem, GeseHsch., 34. 

® Walter, 2ieitschr. f. physiol Chem., 15; Levene, 32; Hammarsten, Skand. 

^ Cousin, Compt. rend.,, 137; Henriques and Hansen, Skand. Arch. f. Physiol., 14. 
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Lutein. Yellow or orange-red amorphous, coloring-matters occur in the 
yellow of the egg and in several other places in the animal organism; for 
instance^ in the blood -serum and serous fluids, fatty tissues, milk-fat, corpora 
lutea^ and in the fat-globules of the retina. These coloring-matters, which 
also occur in the vegetable kingdom (Thudichum), and wLose relationship 
to the vegetable pigments, the xanthophyll group, has recently been showm 
by SCHUNCK,^ have been called luteins or lipochromes. 

The luteins, which among themselves show somew^hat different proper- 
ties, are all soluble in alcohol, ether, and chloroform. They differ from the 
bile-pigment, bilirubin, in that they are not separated from their solution 
in chloroform by water containing alkali, and also in that they do not give 
the characteristic play of colors with nitric acid containing a little nitrous 
acid, but give a transient blue color, and, lastly, they ordinarily show an 
absorption-spectrum of two bands, of which one covers the line F and the 
other lies between the lines F and G. The luteins withstand the action of 
alkalies so that they are not changed when we remove the fats present, by 
means of saponification. 

Lutein has not been prepared pure. Maly 2 has found two pigments free from 
iron in the eggs of a water-spider (Maja squinado) — one a red {vitellorubin) and 
the other a yellow pigment {vitellolutem). Both of these pigments are colored 
blue by nitric acid containing nitrous acid and beautifully green by concentrated 
sulphuric acid. The absorption-bands, especially of the viteliolutein, correspond 
very nearly to those of ovoiutein. 

The mineral bodies of the yolk of the egg consist, according to Poleck,^ 
of 51.2-65.7 parts soda, 80.5-89.3 potash, 122.1-132.8 lime, 20.7-21.1 
magnesia, 11.90-14.5 iron oxide, 638.1-667.0 phosphoric acid, and 5.5-14.0 
parts silicic acid in 1000 parts of the ash. We find phosphoric acid and 
lime the most abundant, and then potash, which is somewhat greater in 
quantity than the soda. These results are not, however, quite correct: first, 
because no dissolved phosphate occurs in the yolk (Liebermann), and 
secondly, in burning, phosphoric and sulphuric acids are produced, and these 
drive away the chlorine, which is not accounted for in the preceding 
analyses. 

The yolk of the hen's egg weighs about 12-18 grams. The quantity 
of water and solids amounts, according to Parke, ^ to 471.9 p. m. and 
528.1 p. m. respectively. Among the solids he found 156.3 p. m. protein, 
3.53 p. m. soluble and 6.12 p. m. insoluble salts. The quantity of fat, 


^ Thudichum, Centralbl. f. d. med. Wissensch., 1869; Schimck, see Chem. Cen- 
Sibi.5''i:903>;:;2,;;;ii95, 

^Monatshefte f. Chem., 2. ■ ‘ , 

2 Cited from v. Gorup-Besanez, Lehrbuch d. physiol. Chem., 4. Aufl.,7to. ; ' 

^ Hoppe-Seyler, Med. chem. Untersuch., Heft 2^ 209. 
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according to Parke, is 228,4 p. m.; the lecithin, calculated from the amount 
of phosphorus in the organic substance of the alcohol-ether extract, was 
107.2 p. m. and the cholesterin 17.5 p. m. 

The white of the egg is a faintly yellow, albuminous fluid inclosed in a 
framework of thin membranes; and this fluid is in itself very liquid, but 
seems viscous because of the presence of these fine membranes. That sub- 
stance which forms the membranes, and of which the chalaza consists, seems 
to be a body nearly related to horn substances (Liebermann) . 

The white of the egg has a specific gravity of 1.045 and always has an 
alkaline reaction towards litmus. It contains 850-880 p. m. water, 100-130 
p. m. protein bodies, and 7 p. m. salts. Among the extractive bodies 
Lehmann found a fermentable variety of sugar w-hich amounted to 5 p. m. 
or, according to Meissner, 80 p. m. of the solids.^ Besides these one finds 


in the wLite of the egg traces of fats, soaps, lecithin and cholesterin. 

The white of the egg of the Insessores becomes transparent on boiling and acts 
in many respects like alkali albuminate. This albumin Tarchanoff^ called 
^HatalbuminJ' 

The protein substances of the white of egg are all glucoproteids, as they 
all yield glucosamine. According to the solution and precipitation prop- 
erties they are similar to the globulins, albumins or proteoses. The repre- 
sentatives of the first two groups,, which until recently were considered 
as true proteins, are ovoglobulin and ovalbumin. The proteose-like body 
is ovomucoid. 

Ovoglobulin separates in part on diluting the egg-white with water. 
It is precipitated upon saturation with magnesium sulphate or upon 
one-half saturation with ammonium sulphate and coagulates at about 75^ C. 
By repeated solution in water and precipitation with ammonium sulphate a 
part of the globulin becomes insoluble (Langstein). This also occurs on 
precipitation by diluting with water or by dialysis, and it is quite possible 
that the globulin is a mixture. That portion which readily becomes 
insoluble seems to be identical with Eichholz’s glucoproteid or Osborne 
and Gampbell^s ovomucin. Langstein obtained 11 per cent of glucos- 
amine from the soluble ovoglobulin. The total quantity of globulins, 
according to Dillner, is about 6.7 per cent of the total protein substances, 
and this corresponds with the recent determinations of Osborne and 
Campbell. In regard to the probable occurrence of several globulins 
in the white of the egg there are the statements of Gorin and Berard as 
well as of Langstein,^ but they have not . led to any positive conclusions. 

^ Cited from v. Gorup-Besanez, Lehrbuoh, 4. Aufi., 739. 

® Langstein, Hofmeister's Beitrage, 1 ; Eicbholz, Journ. of Physiol,, 23; Osborne 
and Campbell, Connecticut Agric. Exp. Station, 2Sd Ann. Report, New Haven, 1900; 

' BiEher, Maly’s Jahresb^,,'!^; porip and Berard, 18.- 
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Ovalbiimin. : The so-called' albumin of the egg-white is' undoubtedly, 
a mixture of at least two albumin-like giucoproteids. The views differ 
considerably in regard to the number of these compound proteids (Bond- 
ZYNSKi and Zoja,. Gautier, Bechamp, ■ Corin and Berard, Panormofp, 
and others). Since Hofmeister has been able to prepare ovalbumin in a 
crystalline form, and since Hopkins and Pinkus ^ have shown that not 
more than one-half of the ovalbumin can be obtained in such a form, 
Osborne and Campbell have isolated two different ovalbumins or chief 
fractions; the cry stallizable they ovalhumin and the non-cry stallizable 
C 07 ialhu 7 nin, The two fi'actions have only a slight variation in elementary 
composition; the conalbumin coagulates between 50-60® C., nearer to 60® 
C., and the ovalbumin at 64® C. or at a higher temperature. There are no 
conclusive investigations as to whether the non-cry stallizable conalbumin 
is a mixture or not, and the question concerning the unity of the cr^^stal- 
lizable ovalbumin is also disputed. According to Bondzynski and Zoja, 
crystallizable ovalbumin is a mixture of several albumins having somewhat 
different coagulation temperatures, solubilities, and specific rotations, 
while Hofmeister and Langstein on the contrary believe that crys- 
tallizable ovalbumin is a unit. The statements as to the specific rotation 
of the different fractions unfortunately differ, and the elementary analyses 
have also given no positive results, as a variation of 1.2-1. 7 per cent has 
been observed in the quantity of sulphur. According to the consistent 
analyses of Osborne and Campbell and of Langstein, the conalbumin con- 
tains about 1.7 per cent sulphur and about 16 per cent nitrogen, while the 
ovalbumin contains on an average about 15.3 per cent nitrogen. Lang- 
stein ^ obtained 10-11 per cent glucosamine from ovalbumin and about 
9 per cent from conalbumin. The ovalbumin, like the conalbumin, has 
the properties of the albumins in general, but differs from seralbumin in 
the following: The specific rotation is lower. It is made quickly insoluble 
by alcohol and is precipitated by a sufficient quantity of HCl, but dissolves 
in an excess of acid with greater difficulty than the seralbumin. The 
products isolated by Abderhalden and Pregl'^ on the hydrolysis of 
ovalbumin do not show anything of special interest. 

In preparing cr^^stalline ovalbumin mix, according to Hofmeister, the 
beaten white of egg free from foam with an equal volume of a saturated 
ammonium-suiphate solution, filter off the globulin, and allow the filtrate 
to slowly evaporate in thin layers , at the temperature of the room. After 
a time the masses which separate out are dissolved in water, treated with 

^ Hofmeister, Zeitschr. f. physiol, Chem., 14, 16, and 24; Gabriel, ibid.^ 15; Bond- 
zynski and Zoja, ibid.j 19; Gautier, Bull. Soc. chim., 14; BMiamp, 21; Gorin 
and Berard, 1. c.; Hopkins and Pinkus, Ber. d. d. chem. Geselisch., 31, and Journ. of 
Physiol. , 23; Osborne and Campbell, I c.; Panormoff, l^laly s Jahresber,, 27 and 28. 

^ Zeitschr. f. physioL Chem., 31. . ' : 
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ammoniiim'-suipliate solution until they begin to get cloudy^ and allowed 
to stand. After repeated recrystallization the mass is either treated with 
alcohol, which makes the crystals insoluble, or they are dissolved in water 
and purified by dialysis. From these solutions the proteid does not crys-* 
tallize again on spontaneous evaporation. (See also page 507, foot-note i, 
for the Hopkins and Pinkus method.) 

Con albumin can be removed from the filtrate, after the complete crys- 
tallization of the ovalbumin, by removing the sulphate by means of dialysis 
and coagulating by heat. 

Gautier ^ found a fibrinogen-like substance in the white of the egg, which 
was changed into a fibrin-like body by the action of a ferment. 

Ovomucoid. This substance, first observed by Neumeister and consid- 
ered by him as a pseudopeptone and then later studied by Salkowski, is, 
according to C. Th. Morner,^ a mucoid with 12.65 per cent nitrogen and 
2.20 per cent sulphur. On boiling with dilute mineral acids it yields a 
reducing substance. Ovomucoid exists in hens^ eggs to the extent of about 
10 per cent of the total solids. 

A solution of ovomucoid is not precipitated by mineral acids nor by 
organic acids, with the exception of phosphotungstic acid and tannic acid. 
It is not precipitated by metallic salts, but basic lead acetate and ammonia 
render it insoluble. Ovomucoid is thrown down by alcohol, but sodium 
chloride, sodium sulphate, and magnesium sulphate give no precipitates 
either at the ordinary temperature or when the salts are added to saturation 
at 30° C. Its solutions are not precipitated by an equal volume of a satu- 
rated solution of ammonium sulphate, but are precipitated on adding more 
salt thereto. The substance is not precipitated on boiling, but the part 
wiiich has become insoluble in cold water which has been dried is dissolved 
by boiling water. Zanetti has prepared glucosamine on splitting ovomucoid 
with concentrated hydrochloric acid, and Seemann found that the quantity 
of glucosamine in ovomucoid was 34.9 per cent.^ 

Ovomucoid may be prepared by removing all the proteins by boiling 
with the addition of acetic acid and then concentrating the filtrate and 
precipitating with alcohol. The substance is purified by repeated solution 
in water and precipitation with alcohol. 

According to Panormow^ the eggs of other birds, such as the pigeon and 
ducks, contain a special protein in the egg-white, which is not idenbcal with 
that of the hen's egg. 


^ Compt. rend., 185. 

^ R. Neumeister^ Zeitschr. f. Biologic, 27; Salkowski, Centraibl. f. d. med. Wis- 
sensch., 1893, 513 and 706; C. Momer, Zeitschr. f. physiol, Chem., IS. See also Lang- 
stein, Hofmeister's Beitrage, 3 (literature). 

® Zanetti, Chem. Centraibl, 1898, 1 ; Seemann, cited from Langsteih, Ergebnisse 

*See Biochem. Centraibl. 5 
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The mineral bodies of the white of the egg h ave been analyzed by Polbck 
and Weber.^ They found in 1000 parts of the ash: 276.6-284.5 grams 
potash, 235.6-329.3 soda, 17.4-29 lime, 17-31.7 magnesia, 4.4-5.5 iron 
oxide, 238.4-285.6 chlorine, 31.6-48.3 phosphoric acid (P 2 O 5 ), 13.2-26.3 
sulphuric acid, 2.8-20.4 silicic acid, and 96.7-116 grams carbon dioxide. 
Traces of fluorine have also been found (Nicklbs 2 ). The ash of the white 
of the egg contains, as compared with the ^mlk, a greater amount of chlorine 
and alkalies and a smaller amount of lime, phosphoric acid, and iron. 

The Shell-membrane and the Egg-shell. The shell-membrane consists, 
as above stated (page 73), of a keratin substance. The shell contains very 
little organic substance, 36-65 p. m. The chief mass, more than 900 p. m., 
consists of calcium carbonate; besides' this there are very small amounts of 
magnesium carbonate and earthy phosphates. 

The diverse coloring oi birds ^ eggs is due to several different coloring-matters. 
Among these we find a red or reddish-brown pigment called oorodein by SoRBYp 
which is perhaps identical with hsematoporphyrin. The green or blue coloring- 
matter, Sorby’s oocyan^ seems, according to Liebermann ^ and KruivEnbero,‘'» 
to be partly biliverdin and partly a blue derivative of the bile-pigments. 

The eggs of birds have a space at their blunt end filled with gas; this 
gas contains on an average 18.0-19.9 per cent oxygen (Hufner ^). 

The weight of a Irenes egg varies between 40-60 grams and may some- 
times reach 70 grams. The shell and shell-membrane together, when care- 
fully cleaned, but still in the moist state, weigh 5-8 grams. The yolk 
weighs 12-18 and the white 23-34 grams, or about double. The entire egg 
contains 2.8-7.5, or average 4.6, milligrams of iron oxide, and the quantity 
of iron can be increased by food rich in iron (Hartung ^). 

The white of the egg of cartilaginous and bony fishes contains only traces of 
true albumin, and the coyer of the frog’s egg consists, according to Giacosa, of 
mucin. The eggs of the river-perch contain, according to Hammarsten,^ mucin 
in the envelope in the unripe state and only mucinogen in the ripe state. The 
crystalline formations {yolk-spherules, or doUerpUittcJicn) which have been observed 
in the egg of the tortoise, frog, ray, shark, and other fishes, and which are de- 
scril^cd by Valenciennes and Fremy ^ under the names emydin, ichthin, ichthidin, 
and ichfhulin, seem, as above stated in connection with ichthulin, to consist chiefly 
of phosphoglueoproteids. The eggs of the river-crab and the lobster contain the 
same pigment as the shell of the animal. This pigment, called cyanocrystallin^ 
becomes red on boiling in water. 


^ Cited from Hoppe-Seyler, Physiol. Chem., 778. 

- Corapt. rend., 43. 

^ Cited from Krnkenberg, Verh. d. phys.-chem. Geselisch. in Whraburg, 17. 

^ Ber. d. deutsch. chem. Geselisch., 11. 

® Arch. f. (Anat. u.) Physiol., 1892. , 

^ Zeitschr. f, BioIogie, 43. ' 

* Giacosa, Zeitschr. f, physiol. Ohem,'/7; .Hammarsten, Skand. Arch. f. Physiol, 17. 
® Cited from Hoppe-Seyler’s Physiol, Chem,, 77, 
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C. Mornbe^ has isolated a substance which he calls perca^Zo5wlm from the 
unripe eggs of the river-perch. It is a globulin and has a strong astringent taste. 
Especially striking is its property of precipitating certain glucoproteids, such as 
ovomucoid and ovarial mucoids, and polysaccharides, such as glycogen, gum 
tragacanth or quince-seed gum, and starch-paste, and of being precipitated by 
them. 

In fossil eggs (of APTENOBYTES, PEEECANUS, and HALIiEUS) ill old guano 
deposits, a yellowish white, silky, laminated compound has been found which 
is called guanovidit, (NH 02 SO 4 + 2K2SO4+3KHSO4+4H20,^ and which is easily 
soluble in water, but is insoluble in alcohol and ether. 

Those eggs which develop outside of the mother-organism must con- 
tain all the elements necessary for the young animals. One finds, therefore, 
in the yolk and white of the egg an abundant quantity of protein bodies of 
different kinds, and especially phosphorized proteins in the yolk. Further, 
we also find lecithin in the yolk, which seems habitually to occur in the 
developing cell. The occurrence of glycogen is doubtful, and the carbo- 
hydrates are perhaps represented by a very small amount of sugar and 
glucoproteids. On the contrary, the egg contains a large proportion of fat, 
which doubtless is important as a source of supply of nourishment and 
in maintaining respiration for the embryo. The cholesterin and the lutein 
can hardly have a direct influence on the development of the embryo. 
The egg also seems to contain the mineral bodies necessary for the develop- 
ment of the young animal. The lack of phosphoric acid is compensated 
by an abundant amount of phosphorized organic substance, and the 
nucieoalbumin containing iron, from which the hsematogen (see page 503) 
is formed, is doubtless, as Bunge claims, of great importance in the forma- 
tion of the haemoglobin containing iron. The silicic acid necessaiy for the 
development of the feathers is also found in the egg. 

During the period of incubation the egg loses weight, chiefly due to 
loss of water. The quantity of solids, especially the fat and the proteins, 
diminishes, and the egg gives off not only carbon dioxide, but also, as 
Liebermann 2 has shown, nitrogen or a nitrogenous substance. The loss 
is compensated by the absorption of oxygen, and it is found that during 
incubation a respiratory exchange of gases takes place. 

As Bohr and Hasselbalch have shown by exact investigations, the 
elimination of carbon dioxide is very small in the first days of incubation; 
on the fourth day the carbon-dioxide production gradually increases, and 
after the ninth day it augments in the same proportion as the weight of 
the foetus. Calculated upon 1 kilogram weight for one hour it is, from the 
ninth day on, about the same as in the full-grown hen, Hasselbalch^ 


^ Zeitschr. f. physiol. Chem., 40. 

® PMgeFs Arch., 43. ' 

®Bohr and , Hasselbalch, Maly's Jahresber., 20; Hasselbalch, Skand. Arch.!: 
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lias also shown that the fertilized hen^s egg not only gives off nitrogen the 
hist five or six hours of incubation, but also some oxygen, and that we 
are here dealing with an oxygen production which runs parallel mth the 
cell-division. It is not known whether this oxygen formation connected 
with the life of the cell is a fermentative or a so-called vital process. 

While the quantity of dry substance in the egg during this period alwa^^s 
decreases, the quantity of mineral bodies, protein, and fat always increases 
in the embryo. The increase in the amount of fat in the embryo depends, 
according to Liebekmann, in great part upon a taking up of the nutritive 
yolk in the abdominal cavity. The weight of the shell and the quantity of 
lime-salts contained therein remain unchanged during incubation. The 
yolk and wiiite together contain the necessaiy quantity of lime for devel- 
opment. 

The most complete and careful chemical investigation on the develop- 
ment of the embryo of the hen has been made by Liebekmann. From his 
researches we may quote the following: In the earlier stages of the develop- 
ment, tissues very rich in -water are formed,^' but upon the continuation of 
the development the quantity of water decreases. The absolute quantity 
of the bodies soluble in water increases -with the development, while their 
relative quantity, as compared with the other solids, continually decreases. 
The quantity of the bodies soluble in alcohol quickly increases. A specially 
important increase is noticed in the fat, whose quantity is not very great 
even on the fourteenth day, but after that it becomes considerable. The 
quantity of protein bodies and albuminoids soluble in w-ater grows contin- 
ually and regularly in such a way that their absolute quantity increases, 
while their relative quantity remains nearly unchanged. Liebekmann 
found no gelatine in the embryo of the hen. The embryo does not contain 
any gelatine-forming substance until the tenth day, and from the fourteenth 
day on it contains a body which, when boiled with water, gives a substance 
similar to chondrin. A body similar to mucin occurs in the embryo when 
about six days old, but then disappears. The quantity of hsemoglobin 
show\s a continual increase compared with the weight of the body. ‘ Lieber- 
MANN found that the relationship of the haemoglobin to the body weight 
was 1 : 728 on the eleventh day and 1:421 on the twenty-first da.y. 

By means of Bebthelot^s thermometric methods Tangl has deter- 
mined the chemical energy present at the beginning and end of the develop- 
ment of the embryo of the sparrow^s and hen’s eggs. The difference was 
considered as work of development. He found that the chemical energy 
necessary for the development of 1 gram of ripe or nearly ripe hen’s embryo 
(Plymouth egg) was equal to 658 calories. This energy originated chiefly 
from the fat. Df the total chemical. energy utilized, two-thirds was used 
for the construction of the embryo and one-third transformed into other 
forms of energy as work of development.. Still -more recent 'researches of 
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Bohe' and; Hasselbal^ that,none of , the , transformed chemical' 

energy is used in the construction of the embryo, as it leaves the egg almost 
entirely as heat. 

By their investigations on the development of the trout egg Tangl and 
Farkas^ have found that the loss in weight of each egg which had an aver- 
age weight of 88 milligrams was 4.9 milligrams during the 42 days of 
incubation, of which 4.11 milligrams was water and 0.722 milligram diy 
substance with 0.367 milligram C. The eggs loose no nitrogen and no fat. 
The fat content increases a little, and indeed, as these authors believe, 
at the expense of the proteins. The chemical energy used during develop- 
ment was 6.68 gram-calories. 


The tissue of the placenta has not thus far been the subject of detailed chemical 
investigation. It contains a protein which coagulates at ()0-”65° (Bottazzi and 
Dblfino), also glycocoli and a proteolytic as well as a diastatic enzyme (Ascoli, 
Eaineri, Bbegell, and Liepmann ®). . In the edges of the placenta of bitches 
and of cats a crystailizable orange-colored pigment (bilirubin?) has been found, 
and also a ‘green amorphous pigment, whose relationship to biliverdin is not 

From the cotyledons of the placenta in ruminants a white or faintly rose-colored 
creamy fluid, the uterine milk, can , be obtained by pressure. It is alkaline in 
reaction, but. becomes acid quickly. Its specific gravity is 1.033-1.040. It con- 
tains as form-elements fat-globules, small granules, and epithelium-cells. There 
have been found 81.2-120.9 p. m, solids, 61.2-105.6 p.m. protein, about 10 p. m. 
fat, and 3.7-8.2 p. m. ash in the uterine milk. 

The fluid occurring in the so-called grape-mole (Mola racemosa) has a low 
specific gravity, 1.009-1.012, and contains 19.4-26.3 p. m. solids with 9-10 p.m. 
protein bodies and 6-7 p. m. ash. 

The amniotic fluid in women is thin, whitish, or pale yellow; sometimes 
it is somewhat yellowish brown and cloudy. White flakes separate. The 
form-elements are 7nucus-corpuscles, epithelium^cells, fat-drops, and lanugo 
hair. The odor is stale, the reaction neutral or faintly alkaline. The 
specific gravity is 1.002-1.028. 

The amniotic fluid contains the constituents of ordinary transudates. 
The amount of solids at birth is hardly 20 p. m. In the earlier stages of 
pregnancy the fluid contains more solids, especially proteins. Among the 
protein bodies Weyl found one substance similar to vitellin, and wuth great 
probability also seralbumin, besides small quantities of mucin. Enzymes 
of various kinds (pepsin,, diastase, thrombin, lipase) occur, according to 
Bondi. Sugar is regularly found in the amniotic fluid of cows, but not in 
human beings. In the ox, pig, and goat Gueber and Grunbaum have also 
found levulose. The human amniotic fluid also contains some urea, uric 

^ Tangl, PfliigeBs Arch,, 93; Bohr'And Hasselbalch, Skand. Arch. f. Physiol., 14. 

®Bottazzi and Delfino, Centralbl h Physiol., 18, 114; Ascoli, ihid., 16; Raineri, 
Biochem. CentralbL, 4, 428; Bergeli and Liepmann, Munch, med. Wochenschr,, 1905. 

« See Etti, MalyA Jahresber.,'2>,'287,^andBreyer,.Bie Blutkrktalla, Jena, 1871 .• >' . ■ ' 
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acM, and allantoin. The quantity of these may be increased in hydramnion 
(Prochownick_, Haenack), which depends on an increased secretion by 
the kidneys and skin of the foetus. Creatine and lactates are doubtful 
constituents of the amniotic fluid. The quantity of urea in the amniotic 
fluid is, according to Prochownick, 0.16 p. m. In the fluid in hj^dramnion 
Prochowxick and Harxack found respectively 0.34 and 0.4S p. m. urea. 
The chief mass of the solids consists of salts. The quantity of chlorides 
(XaCl) is 5.7“6.6 p. m. The molecular concentration of the amniotic fluid 
is somewhat lower than that of the blood, which is no doubt due to a dilu- 
tion by the foetal urine (Zangemeister and Meissl i). 

^Weyl, Arch. f. (Anat. u.) Physiol, 1876 ; Bondi, Centralbl. f. GynakoL, 1903; 
Prochownick, Arch. f. Gynak., 11, also Malyhs Jahresber., 7, 155; Haniack, Berlin, 
kiin. Wochenschr., 1888 No. 41; Zangemeister and Meissl, Munch, med. Wochenschr., 
1903; Glirber and Griinbaum, ibid., 1904 . 
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The chemical constituents of the mammary gkinds have been little 
studied. The cells are rich in protein and nucleoproteids. Among the latter 
we have one that yields pentose and guanine, but no other purine base, on 
boiling mth dilute mineral acids. This com'pound 'proteid-, investigated by 
Obenius, contains as an average the following: 17.28 per cent N, 0.89 per 
cent S, and 0.277 per cent P. Besides this proteid we have at least one 
other, as Mandel and Levene and Loebisch^ have isolated a nucleic acid 
from the mammary gland, which, like the thymonucleic acids, yielded ade- 
nine, guanine, thymine, and cytosine. This nucleic acid also gave the pen- 
tose reactions and yielded abundance of levulinic acid. Besides this nucleic 
acid, Manbel and Levene ^ isolated from the glands aglucothionic acid wnth 
2.65 per cent S and 4.38 per cent N. We cannot state what relation these 
substances bear to that constituent of the gland found by Beet, which on 
boiling with dilute mineral acids yielded a reducing substance. A similar 
substance, which acts perhaps as a step towards the formation of lactose, 
has also been observed by Thierfelbee. It is to be expected that these 
bodies are steps in the formation of milk-sugar; still we have no point of 
support for such an assumption, and the recent investigations seem to 
indicate that the milk-sugar is produced in the glands by a transformation 
of the sugar of the blood. Fat seems, at least in the secreting glands, to 
be a never-failing constituent of the cells, and this fat may be observed in 
the protoplasm as large or small globules similar to milk-globules. The 
extractive bodies of the mammary glands have been little investigated, but 
among them are found considerable amounts of purine bases. The mam- 
mary glands contain also a proteolytic enzyme which, according to FIilde- 
BEANBT,’^ occurs to a much greater extent in the active gland as compared 
with the inactive one, . - . 


.V Odenius, Maly’s Jahiesber., 30; Mandel and Levene, Zeitschr. f. physiol. Chem. 
46; Loebisch, Hofmeister’s Beitrage, 8. : 

3 Bert, Compt. rend., 98; Thierfelder, POtiger’s Arch., 34, and Maly’s Jahresber. 


COW’S MILK. 


:5i5 


As human milk and the milk of animals are essentially of the same 
constitution, it seems best to .speak first of the one most thoroughly inves- 
tigated, namely, cow’s milk, and then of the essential properties of the 
remaining important kinds of milkd 


Cow’s Milk. 


Iv 


Cow’s milk, like eveiy other kind, forms an emulsion which consists of 
very fine!}' divided fat suspended in a solution consisting chiefly of protein 
bodies, milk-sugar, and salts. Milk is non-transparent, white, whitish 
yellow, or in thin layers somewhat bluish white, of a faint, insipid odor and 
mild, faintly sweetish taste. The specific gravity is 1.028 to 1.0345 at 
15° C. The freezing-point is 0.54-0.59° C., average 0.563° C., and the 
molecular concentration 0.298. 

The reaction of perfect^ fresh milk is generally amphoteric towards 


litmus. The extent of the acid and alkaline part of this amphoteric reac- 
tion has been determined by different investigators, especially Thorner, 
Sebelien, and Courant.^ The results differ somewhat with the indicators 
used, and moreover the milk from different animals, as well as that from 
the same animal at different times during the lactation period, varies 
somewhat. Courant has determined the alkaline part by. N/10 sulphuric 
acid, using blue lacmoid as indicator, and the acid part by N/10 caustic 
soda, using phenolphthalein as indicator. He found, as an average for the 
first and last portions of the milking of twenty cows, that 100 c.c. milk 
had the same alkaline reaction toward blue lacmoid as 41 c.c. N/10 
caustic soda, and the same acid reaction toward phenolphthalein as 
19.5 c.c. N/10 sulphuric acid. The actual reaction of cow’s milk, which 
follows from the electrometric estimation, is, on the contrary, according to 
Foa,-*^ nearly neutral, like the reaction of animal fluids and tissues in general. 

Jlilk^^gradu^^^^ to the air, and its reaction 

becomes more and more acid. This depends on a gradual transfoimiation 
of the milk-su^ar into kctic acid, caused by micipK)rga.nism^^^^ 

Perfectly fresh amphoteric milk does not coagulate on boiling, but forms 
a pellicle consisting of coagulated casein and lime-salts, which rapidly re- 
forms after being removed. Even after passing a current of carbon dioxide 
through the fresh milk it does not coagulate on boiling. In proportion 
as the formation of lactic acid advances this behavior changes, and soon a 

A very complete reference to the literature on milk may be found in Raiidnitz^s 
^^Die Bestandteiie der Milch,” in Ergebpisse der Physiol., 2, Abt. i: The literature 
of the last few years may be found in the references by Raudnitz, Monatsschrift I. 

^ Thorner, Malyhs Jahresber., 22; Sebelien, %bid.; Courant, Pfliiger^s, Arch,, 50* 
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stage is reached when the milk, which has previously had carbon dioxide 
passed through it, coagulates on boiling. At a second stage it coagulates 
alone on heating; then it coagulates by passing carbon dioxide alone with- 
out boiling; and lastly, when the formation of lactic acid is sufficient, it 
coagulates spontaneously at the ordinary temperature, forming a solid 
mass. It may also happen, especially in the warmth, that the casein- 
clot contracts and a yellowish or yellowish-green acid liquid (acid whey) 
'..separates. ■ 

Milk may undergo various fermentations. Lactic-acid fermentation, brought 
about by HItppe's lactic-acid bacillus and also other^ varieties, takes first place. 
In the spontaneous souring of milk we generally consider the formation of lactic 
acid as the most essential product, but a formation of succinic acid may also take 
place, and in certain bacterial decompositions of milk, succinic acid and no lactic 
acid is formed. The materials from which these two acids are formed are lactose 
and lactophospliocarnic acid. Besides the lactic acids, the optically inactive 
as well as the dextro and levo acids, and succinic acid, volatile fatty acids, such 
as acetic acid, butyric acid, and others, may be formed in the bacterial decompo- 
sition of milk. 

Milk sometimes undergoes a peculiar kind of coagulation, being converted 
into a thick, ropy, slimy mass (thick milk). This conversion depends upon a 
peculiar change in which the milk-sugar is made to undergo a slimy transforma- 
tion. This transformation is caused by special micro-organisms. 

If the milk is sterilized by heating and contact with micro-organisms 
prevented, the formation of lactic acid may be entirely stopped. The 
production of acid may also be prevented, at least for some time, by many 
antiseptics, such as salicylic acid, thymol, boric acid, and other bodies. 

If f reshly drawn amphoteric milk is treated with rennet, it coagulates 
quickly, especially at the temperature of the body, to a solid mass (curd) 
from which a yellowish fluid (sweet whey) is gradually pressed out. This 
coagulation occurs mthout any change in the reaction of the milk, and 
the refore it is d istinct from the acid coaguiatiom^. 

In cow's milk we find as form-elements a few colostrum corpuscles 
(see Colostrum) and a few pale nucleated cells. The number of these 
form-elements is very small compared with the immense amount of the 
most essential form-constituents, the milk-globules. 

The Milk-globules. These consist o f extremely small drops of fat 
whose number is, according to Woll,i 1.06-5.75 InUlionrin'i'"^^^^^^^ 
whose diameter is 0.0024-0.0046 mm. and 0.0037 mm. as an average for 
different kinds of animals. It is unquestionable that the . .milk-globule s 
contain fat, and we consider it as positive that all the milk-fat exis ts in 
them. Another disputed question is whether the milk-fi:lobules consfct 
entirely of fat or whether they also contain pro tein . 

^ On the Conditions Influencing the Number and Size of Fat-globules in Cow's Milk, 
Wisconsin Exp. Station^ 6, 1892;,/; ^ , , , , . ' _ 
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the observations of Ascherson^^- drops of , fatj ' when 
dropped in an alkaline protein solution, are covered with a fine albuminous 
coat, a so-called haptogen-membTane. As milk on shaking with ether does 
not give up its fat, or only very slowly in the presence of a great excess 
of ether, and as this takes place very readily after the addition of acids or 
alkalies, which , dissolve proteins, it wa^s formerly though t_^ jhat the_Jat- 
globules of the milk were enveloped in aj)rotein coat. A True membrane, 
has not been detected; and since, when no means of dissolving the protein 
is resorted to — for example, when the milk is precipitated by carbon dioxide 
after the addition of very little acetic acid, or when it is coagulated by 
rennet — the fat can be very easily extracted by ether, the theory of a 
special albuminous membrane for the fat-globule has been generally aban- 
doned. The observations of Quincke ^ on the behavior of the fat-globules 
in an emulsion prepared with gum have led, at the present time, to the 
conclusion that each fat-globule in the milk is surrounded by a stratum of 
casein solution held by molecular attraction, and this prevents the globules 
from uniting with each other. Ever^dhing that changes the physical 
condition of the casein in the milk or precipitates it must necessarily help 
the solution of the fat in ether, and it is in this way that the alkalies, 
acids, and rennet act. 


V. Storch ha s shovm, in opposition to the se vi ews, that the milk-glo^ 
ules are surrounded by a membrane of a special sli mj sub stanc e. This, 


substance is very insoluble, contains 14.2-14.79 per cent nitrogen, and yields 
a sugar, or at least a reducing substance, on boiling with hydrochloric acid. 
It is neither casein nor lactalbumin, but seems to all appearances to be 
identical vdth the so-called ^tstroma substance detected by Radex- 
HAUSEN, and D anilewsky. S torch was able .to , show^^ tlio_ 
fat-globules with certain dyes, that^this substance enveloped them like_a 


membrane. Recently Voltz has given further proofs of the view that 
the fat-globules probably have a membrane, which according to him is a 
Yery labile formation of variable composition. Droop-Richmond and 
Bonnema,^ on the other hand, present several reasons in opposition to 
Storch’s view. If Storch^s observation that the purified fat-globules 
contain a special protein substance differing from the dissolved proteins 
of the milk is correct, then the assumption as to a special bod}’' forming 
a membrane or stroma of the fat-globules becomes very probable. 

The mi lk-fat which is obtained under t he name of _ but ter consists 
chiefly of olein and valmitin. Besides these it contahis, as triglycerides, 

^ Arch. f. Anat. ii. Physiol., 1840. , ' •. ' 

2 PfliigePs Arch., 10. , ^ 

^ V. Storch, see Malyhs Jahresber., 27; Radenhausen and Danilewsky, Forscimngen 
auf dem Gebiete der Viehhaltung (Bremen, 1880), Pleft 9; .Voltz, Pfliiger's Arch., 102| 
Droop-Riciiinond, see Chem. CentralbL, 1904, 2, 356; Bonnema, ibid.^ 1243.,, , , 
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myristic acid, stearic acid, small amounts of lauric acid, arachidic acid, and 
hioxysicaric ac/dV besides butyric acid and caproic acid, traces of caprylic 
aad and capnc dcuC It must not be accepted fhat triglycerides of volatile 
fatty acids occur7but ratlier mixed triglycerides of volatile and non-volatile 
fatty acids (Riegel). Milk-|at also^contains a small quantity of lecithin and 
cholesicrin and yellow The quantity of volatile fatty 

acids ill butter is, according to Duclaux, on an average about 70 p. m.^ 
of which 37-51 p. m. is butyric acid and 30-33 p. m. is caproic acid. The 
non-volatile fat consists of and the remainder is chiefly palmitin. 

The composition of butter is not constant, but varies considerably under 
different circumstances.^ According to Lemus^ the small fat-globules 
contain more olein and less volatile acids than the large globules. 

The milk-plasma, or that fluid in which the fat-globules are suspended, 
contains ^several different prote]ns^ the^jt as to the number a.nd 

: nature, of which are varian^,,„.^^T^ follpwing, casein, 

and" lactoglobuUn,Jxave been closest studied and are well char- 
.^acterized. The . . m&-plasma ; carbohyfl^^, 14^ 

one, lactose, is of great importance. It also contains extractive bodies, 
traces of urea, creoiine, creatinine, orotic acid, hypoxanihine (?),„ lecitMllj, 
cJiolesterin, citric acid (Soxhlet and Henkel^), and lastly also mineral 

••taWawtSMii tss asnsarjae. arw, cu t. » aaKSji”* ’ ^jirtiiwECXcsasort^ja^ — , h,~ x* ujaaij'SJS ^ “ «■" ’"S *5"3f7*Sai' 

bodies and gas^ 

Casein. This protein jubstance, which thus far has been detected posi- 
tively only in milk, belongs to the nucleoalbumins, and differs from the 
albuminates chiefly by its contentj^f phosphorus and by its behavior yyith 
Gasein from cow's milk nas the following composition; 
5 53.6, H 7.6, N 15.7, S 0 . 8 , P 0.85, and 0 22.65 per cent. Its specific 
rotation is, according to Hoppe-Seyler, somewhat variable; in neutral 
solution it is (n)D=—80^; its faintly alkaline solution has a stronger rota- 
tion, namely, —97.8 to*-ill.8°, in a solution of N/10— N/5 NaOH (Long ^). 
The question whether the casein from different kinds of milk is identical 
or wiiether there are several different caseins is still disputed. 

Casein when dry appears like a fine , white powder, which has no meas- 
uraj)jg_jolubil^^^^^ JLaqueub and" Sackub^T"* on^* 

According to 


^ Riegel, Malyhs Jahresber., S4; Duclaux, Compt. rend., 104. Various statements 
as t-o the composition of milk-fat can be found in Koefoed, Build, i’ Acad. Roy. 
Danoisc, 1891, and Wanldyn, Chemical News, €3; Browne, Chem. Centralbl, 1S99 2 

883. . ; . A',' 

2 See Maly's Jahresber., 34. ■ v- \ 

» Cited from F.'SoIdner, Die; Sake' -derMilbhy' etc., J^andwlrtl^^^ Versuchsstation, 
So, Sepamtabzug, 18. ^ 

« Hoppe-Seyler, Handb. d. physiol, u. pat hoi. chem. Analyse, 7. Aufl., 368; Long* 
Joiim. Amer, Chem. Soc., 27., ^ 
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Arthus it dissolves rather easily in a 1 per cent solution of sodium fluoride, 
ammonium or potassium oxalate. It is at least a tetrabasic acid, whose 
equivalent weight is 1135 according to Laqueur and Sackur,^ and whose ■ 
molecular weight is four or six times this. The salts are split hydrolytically. 
It dissolves readily in water with the aid of alkali or alkaline earths, 
also calcium carbonate, from which it expels carbon dioxide. If casein 
is dissolved in lime-water and this solution carefully treated with very 
dilute phosphoric acid until it is neutral in reaction, the casein appears to 
remain in solution, but is probably only swollen as in milk, and the- liquid 
contains at the same time a large quantity of calcium phosphate without 
any precipitate or any suspended particles being visible. The casein solu- 
tions containing lime are opalescent and have on warming the appearance 
of milk deficient in fat (vliich is also true for the salts of casein with the 
alkaline earths). Therefore it is not impossible that the white color of the 
milk is due partly to the casein and calcium phosphate. Soldner has 
prepared two calcium compounds of casein with 1.55 and 2.36 per cent 
CaO, and these compounds are designated di- and tricalcium casein by 
COUEANT. ^ 

According to Laqueur;^ who has determined the electrical conduc- 
tivity and the internal friction of casein solutions, all casein-salt solu- 
tions consist of a mixture of casein ions (with different amounts of H 
which can be split off electrolytically) and unsplit casein (produced by 
hydrolysis). By the gradual addition of alkali to the casein he found no 
sharp distinguishing point and therefore proposes to drop the names mono-, 
di-, and tricasein. 

^Casein solution^ do not coagulate on boiling, but solutions of casern- 
lime are covered, like milk, with a pellicle. Thej^ are precipitated by very 
little acicl,'^ but^ the p resence of^neutral sal ts^ retards precipitation. ~A 
casein solution containing salt or ordinary milk requires, therefore, more 
acid for precipitation than a salt-free solution of casein of the same concen- 
tration. The^precipitated casein dissolves very easily again in a smal| 
excess of hydrochloric acid, but less easily in anexcess of ^acetic acid, 
combination between casein and acid^ and especially the combination vith 
lactic acid, which has been carefully studied by Laxa,"^ are, like other 
protein and acid compounds, precipitated by neutral salts. These acid 
solutions are precipitated by mineral acids in excess. Casein is precipitated 

^ Laqueur and Sackur, Hofmeister’s Beitrage, 3; M. Artlius, Theses presentees 
a ia faculte des sciences de Paris, 1893.' , ^ 

2 Soldner, Die Salze aer Milch, Couraiit, 1, c. In regard to the. salts of casein 
see the investigations of Soldner, Maly^.s Jahresber., 25, and J. R-ohmann, Berlin, klin. 
Wochenschr., 1895. See also Raudnitzf, Ergebnisse der Physiol., 2, Abt. 1. 

3 HofmeistePs Beitrage, 7. , • " 

* Miichwirtsch. Centiaibl, 1905, Heft 12, 
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from neutral solutions or from milk by common salt containing calcium or 
magnesium sulphate in substance, without changing its properties. Metallic 
saits^„siich as alunii zinc sulphate, and copper^ sulphate, completely pre- 
cipitate the casein from neutral solutions. 

On drying at 100° C., casein, according to Laqueur and Sackur, decom- 
poses and splits into two bodies. One of these, called caseid, is insoluble 
in dilute alkalies, while the other, the isocasein, is soluble therein. The 
isocasein is a stronger acid and has other precipitation limits and a some- 
what lower equivalent weight than the casein. 

The property wdiich is the niost chara^eristic of casein is that it coagu- 
late£with rennet in the presence of a sufficien tly g reat amount of lime-salts. 
In solutions free from lime-saits the casein does not coagulate with rennet, 
but it is changed so that the solution (even if the enzyme is destroyed by 
heating) yields a coagulated mass, having the properties of a ciud, if lime- 
salts are added. The rennet enzyme, rennin, has therefore an action on 
casein even in the absence of lime-salts. These last are only necessary 
for the coagulation or the separation of the curd, and the process of coagu- 
lation is hence a two-phase process. The first phase is the transformation 
of the casein by the rennin, the second is the visible coagulation caused by 
the lime-salts. This fact, which was first proved by Hammarsten, was 
later confirmed by Arthus and Pag:bs and recently closely studied by 
Fuld, Spiro, and Laqueur.^ 

The curd formed on the coagulation of milk contains large quantities of 
calcium phosphate. According to Soxhlet and Solbner, the soluble 
lime-salts are of essential importance only in coagulation, while the calcium 
phosphate is without importance. According to Courant, the calcium- 
casein on coagulation may carry down with it, if the solution contains 
dicalcium phosphate, a part of this as tricalcium phosphate, leaving mono- 
calcium phosphate in the solution. A solution of calcium-casein is not 
coagulated by rennin alone but only when soluble Eme-salts are added. 
Milk or casein solutions may indeed be precipitated without rennin by the 
addition of a sufficiently large amount of calcium chloride. We are not 
quite clear as to the importance of the lime-salts for the rennin coagulation, 
and the views are still somewhat variable on this question. The same is 
true for the chemical processes going on in rennin coagulation. If one 
makes use of a pure solution of casein and as pure rennin as possible, then 
after coagulation it is always found that the filtrate contains very small 

^ See Maly's Jahresber., 2 and 4; also Haminarsten, Zur Kenntnis des Kaseins mid 
der Wirkung des Lahfermentes, Nova Acta Reg. Soc. Scient. Upsala, 1877, Fest- 
schrift; Zeitsehr. f. physiol Chem., 2^; Arthus et Pages, Arch, do Physioi. (5), 2, and 
M6m. Soc. bioL, 43; Fuld, Hofmeister's Beitr^e, 2, and Ergebnisse der Physiol, 1, 
Abt. 1, where a good review of the literature may be found; Spiro, Hofmeister's 

Beitr%e, 6 and 7, with Reichei, 7 and 8; Laqueur, 7. 
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amounts of a proteid, the whey-proteid, which has other properties and a 
lower content of nitrogen (13.2 per cent N, Koster^) than the casein. 
The chief portion of the casein, sometimes given as more than 90 per cent, 
separates on coagulation as a body, the paracasein (or curd), which is 
closely related to casein. The question whether a cleavage of the casein 
takes place here is still unsettled. The paracasein ^ is not further changed 
by the rennet enzyme; it is much more readily precipitated by CaCl 2 than 
a casein solution of the same concentration, and the precipitation limits for 
saturated ammonium- sulphate solution, the upper as well as the lower 
limit, lie, according to Laqueur, lower with paracasein than with casein. 
The internal friction of paracasein solutions is also, according to him, less 
than that of the casein solutions and indeed even to 20 per cent. 

In the processes of rennet coagulation we may, as Reichel and Spibo 
have shown, have a diminution of the action by an apparent consumption 
of the ferment. This diminution is indeed, as the above investigators 
found, not caused by the process of rennet coagulation and is therefore 
not to be considered as a consumption of the enzyme. It depends upon a 
division of the rennin between the curd and the whey taking place accord- 
ing to a constant factor. 

Fresh, unchanged milk does not, as is known, coagulate on boiling ; but in 
not too rapid action of rennin a' state may be observed in which the milk coagu- 
lates on heating (metacasein reaction). A solution of paracasein lactate, accord- 
ing to Lax A, coagulates with rennin the same as a solution of casein lactate, 
which indicates, according to Laxa, that the paracasein is transformed into casein 
again by the lactic acid. But as a precipitation of the paracasein from the acid 
solution is perhaps a pepsin action, the transformation of the paracasein into 
casein by the lactic acid must not be considered as proved. As the commercial 
rennet extracts may contain also other enzymes besides rennin, the formation of 
proteoses in rennin coagulation, as observed by E. PETRYyS must hot be con- 
sidered as a rennin action wdthout fui-ther study. 

In the digestion of casein with pepsin-hydrochloric acid primarily a 
phosphorized proteose is formed, from which then the pseudonuclein is 
split off (Salkowski). The quantity thus split off is very variable, fis 
showm by the researches of Salkowski, Hahn, Mokaczewski, Sebelien, and 
Zaitschek.^ The amount of phosphorus in the pseudonucleins obtained also 

’ See Maly’s Jahresber., 11. 

2 It has been recently proposed to designate the ordinary casein as caseinogen and 
the curd as casein. Although such a proposition is theoretically con-ect, it leads in 
practice to confusion. On this account the author calls the curd paracasein, according 
to Schulze and Rose (Landwirthsch. Yersuchsstat., 31). A summary of the literature 
on the casein coagulation may be found in E. Fuld, Ergebnisse der Physiol, 1; Raud- 
nitz, ibid.y 2; and Laqueur, Biochem. Centralbl, 4, 344. 

^Laxa, Lc.; Petry, Wien. klin.Wochenschr., 1906. . . ' 

^ Salkowski, Zeitschr. f. physiol. Chem., 27; Salkowski and Hahn, Pffugeris Arch., 

ibid,. 20; Zaitschek, PfiugePs Arch,, 104. 
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varies considerably. According to Salkowski the quantity of pseudo- 
nuclein split off is dependent upon the relationship between the casein and 
the digestion fluid, e.g., the quantity of the pseudonucleins diminishes as 
the pepsin-Iiydrochioric acid increases. In the presence of 500 gi'ams of 
pepsin-hydrochloric acid to 1 gram of casein Salkowski digested the latter 
completely without obtaining any pseud onuclein. 

In peptic as well as tryptic digestion a part of the organic phosphorus 
is split off as orthophosphoric acid, the quantity increasing as the digestion 
progresses. Another part of the phosphorus is retained in organic com- 
bination ill the proteoses as well as in the true peptones (SalkoW'SKi, Biffi, 
Alexander i). 


From the products of peptic digestion of casein, after the separation of the 
pseudonuciein, SalkowsivI ^ has isolated an acid rich in phosphorus. He considers 
this a paranudcic acid- It is soluble in water, insoluble in alcohol, levorotatory, 
and has the following composition: C 42.51-42.96, H 6.97-7.09, N 13.25-13.55, 
and P 4.05-4.31 per cent. The acid differs from the nucleic acids in that it gives 
the biuret test and a faint xanthoproteic reaction. Presupposing its pmity, it 
is not an acid comparable to the nucleic acids. 


Casein may be prepared in the following way: The milk is diluted with 
4 vols. of water and the mixture treated with acetic acid to 0.75 — 1 p. m. 
Casein thus obtained is purified by repeatedly dissohdng in water with the 
aid of the smallest quantity of alkali possible, by filtering and reprecipi- 
tating with acetic acid and thoroughly washing with water. Most of the 
milk-fat is retained b}^ the filter on the first filtration, and the casein con- 
taminated with traces of fat is purified by treating with alcohol and ether. 


Lactoglobulin W’as obtained by Sebelien from cow^s milk by saturating 
it with NaCl in substance (which precipitated the casein) and saturating 
the filtrate with magnesium sulphate. As far as it has been investigated 
it had the properties_qf serglobulin ; the globulin isolated by Tieimann’^ 
from colostrum had nevertheiess a markedly low content of carbon, namely, 
49.83 per cent. 

Lactalbumin was first prepared in a pure state from milk by Sebelien. 
Its composition is, according to him, C 52.19, H 7.18, N 15.77, S 1.73, 
0 23.13 per cent. Lactalbumin ha s the proper ties of the albumins, and it 
crystallizes according to Wichmann ^ in forms simlar looser- 'w^ovalbTi^^^^ ■ 
It coagulates, according to the concentration and the amount of salt in 

having a considerably lower specific rotatory power: (a)D== -~37T 


^Salkowski, 1. c.; Biffi, .Virchow's Arch'., .loS!; Alexander, Zeitschr. f. physioL 


^ Sebelien, Zeitschr. t' physiol, Chem,,.9; 'Wichmann, 27. ^ ^ ' 
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The principle of the preparation of lactalbumin is the same as for the 
preparation of seralbumin from serum. ' The casein and the globulin are 
removed by MgS04 in substance and the filtrate treated as preifiously 
stated (page 182 ). , 

The occurrence of other proteins, such as proteoses and peptones^ in milk has 
not been positively proved. These bodies are easily produced as laboratory 
products from the other proteins of the milk. Such a laboratory product is 
Millon’s and Gomaille^s lactoprotein, which is a mixture of a little casein with 
changed albumin, and proteose ^ which is formed by chemical action. In regard 
to see Human Milk, p. 531. 

Milk also contains, according to Siegfried a nucleon related to phos- 
pliocarnic acid, and which yields fermentation lactic acid (instead of para- 
hictic acid) and a special earnic acid, orylic acid (instead of muscle carnie 
acid), as cleavage piroducts. Lactophosphocarnic acid may be precipitated 
as an iron compound from the inilk freed from casein and coagulable 
proteins as well as from earthy phosphates. 

Milk also contains enzymes of various kinds. Of these w^e must mention 
catalase, oxidases, peroxidases, and reductases, but the statements as to their 
occurrence in the milk from different animals are not unanimous. An 
amylolytic enzyme which converts starch into maltose occurs especially in 
human milk, while it is absent in cow’s milk or occurs only to a slight extent. 
A fermentation enzyme which in the absence of micro-organisms decom- 
poses the lactose into lactic acid, alcohol, and CO2, occurs, according to 
Stoklasa ^ and his co-wmrkers, in cow’s milk as well as in human milk. 
Human milk, as well as cow’s milk, contains a lipase which has the prop^ 
erty at least of acting upon monobutyiin. Babcock and Russel have 
found in these two kinds of milk, as well as certain others, a proteolytic 
enzyme which they call galactase and which is allied to trypsin, but differs 
therefrom in that it develops ammonia from milk even in the early stages 
of digestion. The occurrence of such an enzyme is denied by Zaitschek 
and V. SzoNTAGH, but on the other hand VaxVDevelde, de Waele, and 
Sugg confirm the occurrence of a proteolytic enzyme in milk. 

Orotic acid, C 5 H 11 N 2 O 4 . 2 H 2 O, is the name given by Biscaro and Belloni ^ 
to a new constituent of milk which they have discovered. This acid, which can 
be precipitated by basic lead acetate from whey free from protein, is slightly 
soluble in water, crystalline,^ and gives several crystalline salts. The mono- 
methyl and ethyl esters of this acid are also known. It ^fields urea on treatment 
with potassium permanganate. 


^ See Harnmarstcn, Maly's Jahresber., 6 , .13. 

^ Zeitsciir. f. physiol. Chem., 21 and 22. . ^ 

3 See Chem. CentelbL, 1905, 1, 107. , 

'^Babcock and Russel, Centralbl. f. Bakt. u. Parisitenkunde. (11), 0 , and Maly's 
Jahresber., SI; Zaitschek and v Bzontagh, Pfiuger's Arch., 104; Vandevelde de 
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Lactose^ mi lk-sugar, ' C12H22O11 4 - H2O. This sugaiY oii_ hydrolysis, ^ em 
be^£lit into two hexoses^^ d^rose a nd g ahdose. It yields mucic acid^^ 
besides other' organic .acids, Levulinic 

acid is formed, besides formic acid andliumin substances, by the stronger 
action of acids. By the action of alkalies, amongst other products we find 
lactic acid and pyroeatechin. 

Milk-sugar occurs, as a rule, only in milk, but it has also been found in 


the urine of pregnant women on stagnation of milk, as well as in the luine 
after partaking of large quantities of the same sugar. 

Lactose, of -which, according to Tanret,^ there are three modifica- 
tions, occurs ordinarily as colorless rhombic crystals with 1 molecule of 
W'Rter of crystallization, which is driven off by slowly beating to 100° C., 
but more easily at 130-140° C. At 170° to 180° C. it is converted into a 
brown amorphous mass, lactocaramel, CeHioOs. On quickly boiling dowm 
a milk-sugar solution, anliydrous milk-sugar separates out. Milk-sug ar 
dissolves in 6 parts cold or in 2.5 parts boiling water: it has a fainth' sw^eet- 
Ml taste. It does not dissolv e in et her^ or absolute algghol.^^ Ijs soluti ons 
are d extrogyrate. The rotatory power, which on heating the solution to 
100° C, becomes constant, is (a)D= -f 52.5°. Milk-sugar combines /^^th 
bases; the alkali combinations are insoluble in alcohol. 


Milk-sugar is not fermentable with pure yeast. It undergoes, on the 
cq n tr ary, ' 

according to E. Fischer^ the mil k-sugar i s first split ^ into . dextrose, . an jgi 
gala ctose by a n enzyme, lactase, e:?dsting in the fungus. The preparation 
of miik--vwne, from mare’s milk and '^kephir^’ from cow’s milk is 

based upon this fact. Other micro-organisms also take part in this change, 
causing a lactic-acid fermentation of the milk-sugar. pjii^ 

Lactose resp onds to t he rea c tion s o f d extrose, such as MooRE’gy ^ 
Trommer’b, and Rij bner’s, and the" bismuT h lesty "fralso reduces mer- 
curic oxide in alkaline solutions. After warming with phenylhydrazine 
acetate it gives on cooling a yellow crystalline precipitate of phenyl- 
lactosazone, C24II32N4O9. ^t differs from cane-sugar by giving positive 
reactions with Moore’s or TROMMEB^TanTtKe^ alsoTn 

that it does not clarke^hen heated with anhydrouToxSic acid to 100° C. 

It differs from dextrose and maltose by its solubility and crystalline form, 

acid -with nitric acid. 

The osazone obtained with phenylhydrazine acetate, which melts at 200° 
C., differs from the other osazones by being inactive when 0.2 gram is dis- 
solved in 4 e.c. of pyridine and 6 c.c. of absolute alcohol and viewed through 
a laj’-er 10 centimetres long (Neubeeg®), 


‘ Bull Sbc, cMm. (3), 13..,,, * d. d. chem. Gesellsch., 27. ’ Ibid.,- 32. 
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' For the preparation of milk-sugar we make use of the by-product itt ' 
the 'preparation of. cheese, the sweet' whey. The .protein is removed by 
coagulation with heat, and the filtrate evaporated to a syrup. The crystals 
which separate after a certain time are recrystallized from water after 
decolorizing with animal charcoal. A pure preparation may be obtained 
from the commercial milk-sugar by repeated recr^^stallizatioii. The quan- 
titative estimation of milk-sugar may be performed either by the polar- 
istrobometer or by means of titration with Fehoing^s solution. Ten e.c. 
of Fehling^s solution correspond to 0,0676 gram of milk-sugar in 0.5-1. 5 
per cent solution after boiling for six minutes. (In regard to Fehling^s 
solution and the titration of sugar see Chapter XV.) 

Ritthausbn has found another carbohydrate in milk which is soluble in water, 
non-crystallizable, which has a faint reducing action, and which yields on boiling 
with an acid a body having a greater reducing power. Landwehk considers 
this as animal gum, and Bechamp ^ as dextrin. 

The mineral bodies of milk will be treated in connection with its quan- 
titative composition. - 

The methods for the quantitative analysis of milk are very numerous, 
and as they cannot all be treated here, we will give the chief points of a 
few of the methods considered most trustworthy and most frequently 
employed. 

In determining the solids a carefully weighed quantity of milk is mixed 
with an equal weight of heated quartz sand, fine glass powder, or asbestos. 
The evaporation is first done on the water-bath and finished in a current 
of carbon dioxide or hydrogen not above 100® C. 

The mineral bodies are determined by incinerating the milk, using the 
precautions mentioned in the text-books. The results obtained for the 
phosphoric acid are incorrect on account of the burning of phosphorized 
bodies, such as casein and lecithin. We must therefore, according to Sold- 
NER, subtract in round numbers 25 per cent from the total phosphoric acid 
found in the milk. The quantity of sulphate in the ash also depends on 
the combustion of the proteins. 

In the determination of the total amount of proteins Ritthausen's 
method is employed, namely, the precipitation of the milk with copper sul- 
phate according to the modification suggested by Munk.^ He precipitates 
all the proteins by means of cupric hydrate at boiling heat, and determines 
the nitrogen in the precipitate by means of Kjeldahl’s method. This 
modification gives more exact results. 

The older method of Puls and Stenberg, in which the precipitant is 
alcohol, is too complicated and not sufficiently reliable. Sebelien has sug- 
gested a very good method. Three to four grams of milk are diluted with 
an equal volume of water, a little common-salt solution added, and the pro- 
teins precipitated with an excess of tannic acid. The precipitate is washed 
\rith cold w^ater, and then the quantity of nitrogen determined by Kjeldahl^s 
method. The total nitrogen found when multiplied by 6.37 (casein and 
lactalbiimin contain both 15,7 per cent nitrogen) gives the total quantity 

^Ritthausen, Journ, f. prakt. Chem. (N. P.), 15; Landwehr, foot-note 1, p. 67; 
Bechamp, Bull, Soc. chini. (3) 6. 

^Ritthausen, 1 c.; I. Munk, Yirchow^s Arch., ISL 
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of proteins. This method, which is readily performed, gives very good 
results, 1. Munk used this method in the analysis of womaii^s milk. In 
this case the quantity of nitrogen found must be multiplied by 6.34. G. 
Simon ^ has found that the precipitation with tannic acid, also with phos- 
photimgstic acid, is the simplest and most accurate. The objection to 
this and other methods in which the proteins are precipitated is that per- 
il aps other bodies (extractives) may be carried down at the same time (Cam- 
EEER and SoLDXER^)^ known to what extent this takes place. 

A part of the nitrogen in the milk exists as extractives, and this nitrogen is 
calculated as the difference between the total nitrogen and the protein nitrogen. 
According to Munk^s analyses about of the total nitrogen belongs to the 
extractives in cow's milk, and xV in w^oman's milk. Camerer and Soldner 
determine the nitrogen in ,the filtrate from the tannic-acid precipitate by Kjel- 
dahl’s method, and also according to Hupner's method (hypobromite). In this 
way they found 18 milligrams of nitrogen according to Hufnee (urea, etc.) in 100 
grams of cow's milk. 

To determine the casein and albumin separately we may make use of 
the method first suggested by Hoppe-Seyler and Tolmatschefp/^ in 
wdiich the casein is precipitated by magnesium sulphate. According to 
Sebelien the milk is diluted with its own volume of a saturated mag- 
nesium-sulphate solution, then saturated with the salt in substance, and, 
the precipitate then filtered and washed with a saturated magnesium- 
sulphate solution. The nitrogen is determined in the precipitate by Kjel- 
DAHL^s method, and the quantity , of casein (-1- globulin) determined by 
multiplying the result by 6.37. The quantity of lactalbumin may be 
calculated as the difference between the casein and the total proteins 
found. The lactalbumin may also be precipitated by tannic acid from the 
filtrate from the casein precipitate containing MgS 04 , after diluting with 
water, the nitrogen determined by KJELI)AHL^s method and the result muh 
tiplied by 6.37. 

Schlossmann^ suggests an alum solution, which precipitates the casein, 
in order to separate the casein from the other proteins, the albumin can 
be precipitated from the filtrate by tannic acid. The nitrogen in the pre- 
cipitate is determined by the Kjelbahl^s method. This method has 
recently been tested by Simon and he recommends it highly. 

The iaiAs gra\dmetrically.^_detey™ by thoroughly extracting the 

dried milk with e ther, evaporating the ethe r from the extra ct, and we ighmg 

aeromeTnc"means"By*aSS^ 
alOTtolire milk,, shaking with ether, and determining the specific gravity 
of the fat solution by means of Soxhlet^s apparatus. In determining tlie 
amount of fat in a large number of samples the iactocrit of De Laval may 
be used with success. The milk is first mixed mth an equal volume of 'a 
mixture of glacial acetic and concentrated sulphuric acid, warmed 7-8 
minutes on the water-bath, and the mixture poured in graduated tubes, 
w^hich are placed in the centrifugal machine at 50® C. The height of the 

^Puls, Pfiuger's Arch., IS; Stenberg, Maly's Jabresber., 7; Sebeiien, Zeltschr. i 
physiol. Chem., 13; Simon, ibid., 33. 

® Zeitschr. f. Biologic, 38 and BA 
® Hoppe-Seyier, Med: chem, Untersuch., 272. 

^Zeitschr. f. physiol. Chem:, ,22,.. 
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layer of fat gives its quantity. The numerous and very exact analyses of 
Nilson^ have ' shown that with milks containing small quantities of fat/ 
below 1.5 per cent^ the older corrections are unnecessary, and that this 
method gives excellent results if we use lactic acid treated with 5 per cent 
hydrochloric acid instead of the above mixture of glacial acetic acid and 
sulphuric acid. There are numerous other methods for estimating milk- 
fat but they cannot be considered here. 

In determining the milk-sugar the proteins are first removed. For 
this purpose we precipitate either with alcohol, which must be evaporated 
from the filtrate, or by diluting with water, and removing the casein by 
the addition of a little acid, and the lactalbumin by coagulation at boiling 
heat. The sugar is determined by titration with Fehling\s or Knapp^s 
solution (see Chapter XV). The principle of the titration is the same as 
for the titration of sugar in the urine: 10 c.c. of Fehling’s solution corre- 
spond to 0.0676 gram of milk-sugar; 10 c.c. of Knapp’s solution correspond 
to 0.0311-0.0310 gram of milk-sugar, when the saccharine liquid contains 
about |-“1 per cent of sugar. In regard to the modus O'perandi of the titra- 
tion we must refer the reader to more complete works and to Chapter XV. 

Instead of these volumetric determinations other methods of estima- 
tion, such as Allihn’s method, the polariscope method, and others, may 
be used. In calculating the analysis or in determining the solids it is of 
importance to remember, as suggested by Caherer and Soldner, that the 
milk-sugar in the residue is anhydrous. Many other methods for deter- 
mining the milk-sugar have been suggested and recommended. 

The quantitative of cow’s milk is naturally very variable. 

The average obtained by Konig ^ is as follows in 1000 parts: 

Water. Solids. Casein. Albumin. Fats. Sugar. Salts. 

871.7 128,3 30.2 5.3 36.9 48.8 7.1 


The quantity of mineral bodies in 1000 parts of cow’s milk is, according 
to the analyses of Soldner, as follows: K2O 1.72, Na20 0.51, CaO 1.98, 
MgO 0.20, P2O5 1.82 (after correction for the pseudonuclein), Cl 0.98 grams. 
Bunge 3 found 0.0035 gram Fe203. According to Soldner the K, Na, 
and Cl are found in the same quantities in whole milk as in milk-serum, 
,Of the total phosphoric acid 36-56 per cent and of the lime 53-72 per cent 
is not in simple solution. A part of this lime is combined vdth the casein; 
the remainder is found united ^rith the phosphoric acid as a mixture of 
dicalcium and tricalcium phosphates which is kept dissolved or suspended by 
the casein. The bases are in excess of the mineral acids in the milk-semm. 
The excess of the first is combined with organic acids, which correspond 
to 2.5 p. m. citric acid (Soldner). * ' . ; , , 

The gases of the milk consist chiefly of CO2, besides a little N and 

^ See Malyh's Jahresber., 21. , . ' „ \ 

2 Chemie der menschlichen Nahrungs- and Genussmittel, 4. Anfl, , 

® Zeitschr. L Biologic, 10. . - _/ - ^ \ , ' ' ; , /./ , 
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traces of 0. Pfluger ^ found 10 vols. per cent CO 2 and 0.6 voL per cent 
N calculated at 0° C. and 760 mm. pressure. 

The variation in the composition of cow^s milk depends on several 
circumstances. 

T ke J^piostrum ,.. or .the . ..milk, 3 vhic h. is . s e creted, be fore c ahnng and in 
first;^iew days after^ is yellowish, sometimes _alkaline, j3Ut often acid, of 
higher specific gravity, i.OlO-l.OSO, and richer^in soMs than ordinary 
milk. The colostrum contains, ])esides^ faT-globules, an abundance of 
colostrum-corpuscles — nucleated granular cells 0.005-0.025^ mm. in diam- 
eteiywith abundant fat-granules mich fat-glo bdes . The fat of^ colostrum 
has a somewhat higher melting-point and is poorer in volatile fatty acids 
than the fat from ordinary milk (Nilson^). The iodine equivalent of the 
colostrum-fat is higher than that of milk-fat. Th^ quantity of chojes tenn 
and lecithin is generally greater. The most apparent difference between 
it and ordinary milk is that colostrum coagulates on heating to boiling 
bec^S^X tkFabyl^e^^ anjX^lpiyel- y^^^ gloBiifiiTmiH ■ 

ajbumin that it cqikains.^ The composition okcolostrum is veiw variable. 
Konig gives as average the following figures in lOOO parts: 

Water. Solids. Casein. Albumin and Globulin. Fat. Sugar. Salts. 

746.7 253.3 40.4 136.0 35.9 26.7 15.6 

The influence which food exercises upon the composition of milk will 
be discussed in connection with the chemistry of the milk secretion. 

In the following table is given the average composition of skimmed milk and 
certain other preparations of milk: 



"Water. 

Proteins. 

Fat. 

Sugar. Lactic Acid. Salts. 

Skimmed milk, . . 

, 906.6 

31 .1 

7.4 

47.5 ... 7.4 

Cream 

. .. 655.1 

36.1 

267.5 

35.2 ... 6.1 

Buttermilk 

. .. 902.7 

40.6 

9.3 

37.3 3.4 6.7 

Whey 

. .. 932.4 

8,5 

2.3 

47.0 3.3 6.5 


^ Kumyss and kephik are obtained, as above stated, by the alcoholic and lactic- 
acid fermentation of the milk-sugar, the former from mare^s milk and the latter 
from cow's milk. Large quantities of carbon dioxide are formed thereby, and 
besides the protein bodies of the milk are partly converted into proteoses and 
peptones, which increase the digestibility. The ‘quantity of lactic add in these 
preparations may be about 10-20 p. m. The quantity of alcohol varies from 10 to 

Miik of other Animals. Goat's milk has a more yellowish color and another 
more specific odor than cow's milk. The coagulum obtained by acid or remict 
is more solid and is harder than that from cow's milk. Sheep's milk is similar 
to goat's milk, but has a higher specific gravity and contains a greater amount 


* See Sebelien, Maly’s Jahresber., iS, and Tiemann, Zeitschr, f. physiol. Chem., 
25. See also Simon, 38; Wintefsfeih and Strict ibid., 4", 
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^ is alkaline and eontaiiis a", casein wliich is not precipitated by 

acids in lumps or solid masses, but, like the casein from woman’s milk, in fine 
flakes. This casein is only incompletely precipitated by rennet, and it is very 
similar also in other respects to the casein of human milk. According to Beil ^ 
the casein from mare’s and cow’s milk is the same, and the different behavior 
of the. two varieties of milk is due to different, amounts of salts and to a different; 
relation , between the, casein .and' the .albumin. This does not agree with. the 
investigations' of Zaitschek and, v. Szontagh, who find ..that , the. .casein from 
.m,are’s milk, like that .from human .and .ass milk, is digested by pepsin-hydro,- 
.chloric. acid, without leaving a residue. ' The'-'inilk of the asS' is claimed , by . older 
authorities to be similar to human milk, but Schlossmann finds it considerably 
poorer in fat. The researches of Ellenbekger give similar results, and show 
great similarity between ass’s milk and human milk. The average results were 
15 p. m. protein with 5.3 p. m, albumin and 9.4 p. m. casein. This latter, like 
human case in ^ does not yield any pseudonuclein on pepsin digestion, which agrees 
well with the above-mentioned investigations of Zaitbchek. The quantity of 
nucleon was about the same as in woman’s milk. The quantity of fat was 15 p. m., 
and the sugar was 50-60 p. m. Reindeer milk is characterized, according to 
Werenskiold,'^ by being very rich in fat, 144.6-197.3 p, m., and casein, 80.6-86.9 
p. m. 

The milk of CARNIVORA (the bitch and cat) is acid in reaction and very rich 
in solids. The composition of the milk of these animals varies with the compo- 
sition of the food. '' 

To illustrate the composition of the milk of other animals the following figures, 
the compilation of Konig, are given. As the milk of each kind of animal may 
have a variable composition, these figures should only be considered as examples 
of the composition of milk of various kinds:® 


Milk of the 

Water. 

Solids. 

Proteins. 

Fat. 

Sugar, 

Saits. 

Bog 

. . . 754.4 

245.6 

99.1 

95.7 

31.9 

7.3 

Cat 

. . . 816.3 

183.7 

90.8 

33.3 

49.1 

5.8 

Goat 

... 869.1 

130.9 

36.9 

40.9 

44.5 

8.6 

Sheep 

... 835.0 

165.0 

. 57.4 

61.4 

39.6 

6.6 

Cow 

... 871.7 

128.3 

35.5 

36.9 

48.8 

7.1 

Horse 

. . . 900.6 

99.4 

18.9 

10.9 

66.5 

3.1 

Ass 

... 900.0 

100.0 

21.0 

13.0 

63.0 

3.0 

Pig 

... 823. 7 

167.3 

60.9 

64.4 

40.4 

10.6 

Elephant .... 

... 678.5 

321.5 

30.9 

195.7 

88.4 

6.5 

Dolphin 

... 486.7 

513.3 

» , . . 

437.6 


4.6 


Human Milk* 


J¥oman’s milk is amphoteric in^reaction. According to CoiJRANT „..its„. 
reaction is relatively more alkaline than cW^s rmlk, but it has nevertheless 
a lower absMul^e ‘r^cfion‘Td7"^f£ailnI^^ acidity* , Courant 

found between the tenth day and the fourteenth month after confinement 
practically constant results. The alkalinity, as well as the acidity, was a 
little lower than in childbed. One hundred c.c, of the milk had the same 
average alkalinity as 10.8 c.c. IST/IO caustic soda, and the same acidity 

^Studien fiber die Eiweissstoffe des Kumys.und Kefirs, St. Petersburg, 1886 
(Ricker), , ' 

® Zaitsehek, 1. c.; Schlossmann, Zeitschr. f. physiol. Chem,, 22; Ellenberger, Arch, 
f. (Anat. u.) Physiol., 1899 and 1902; Werenskiold; Maly’s Jahresber', 25. ; ' 

® Details in regard to the niilk of different animals may be found . in Frdscher, 
Zeitschr f. physiol. Chem., 24; Abderhalden,. ftfd, 27. : ’ * , t 
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as 3.6 c.c. N/10 acid. The relationship between the alkalinity and the 
acidity in woman's milk was as 3:1, and in cow's milk as 2.1:1. The 
actual reaction determined electrometrically is, according to Fol/ still 
nearly neutral, like the other kinds of milk. 

Human milk also contains fewer fat-globules than cow's milk, but they 
are larger in size. The specific gravity of woman's milk varies between 
1.026 and 1.036, generally between 1.028 and 1.034. It is highest in well- 
fed and lowest in poorly fed woinen. The freezing-point is lowered on 
an average 0.589° C., according to Winter and Parmentier^ constant at 
0.55°, and the molecular concentration is 0.318. 

The fat of wonran's investigated by Huppel. It forms 

yellowish-white mass, similar to ordinary butter, having a specific gravity 
of 0.966 at 15° C. It melts at 34.0° C. and solidifies at 20.2° C. The fol- 
lowing fatty acids can be obtained from the fat, namely, butyric, caproic, 
capric, myristic,~ palmitic, stearic, and oleic acids. The fat from woman's 
^^milic ’is, ahoording to RuppEL^^ relatfvSy poor in volatile fatty 

acids. The non-volatile fatty acids consist of one-half oleic acid, while 
among the solid fatty acids myristic and palmitic acids are found to a 
greater extent than stearic acid. 

The essential qualitative difference^ between woman's and cow's milk 
seems to lie in the proteins or Jn the more accurately determined casein. 
A number of older and younger investigators ^ claim that the casein from 
woman's milk has other properties than that from cow's milk. The essai- 
tial differences are the following:^ The^ casein from^woman's milk is pre- 
cipitated with greater difficulty with acids ^ors^^ it does not coagulate 
imifonnly in the milk after the addition of rennet; it maybe precipitated 
Fy gastric ^"juice, but dissolves completely and ejisily in an excess of the 
same: the casein precipitate'^ produced by an acid is more easily solubleTii 
ah excess of the acid; and lastly, the clot formed from the casein of woman's 
milk does not appear in such large and coarse masses as' the caseiib from 

of great importance, since it explains the generally admitted fact of the 
easy _digestibility^ of the^^ casein Jr^m^w^^^ mil k. W e are not clear as 

to this difference between the digestibility of the cow's casein and human 
casein, as the first seems to be utilized in the intestinal tract of the infant 
to the same extent as human casein (P, Muller, Rubner and Heubner 

^Compt. rend. Soc. biolog., o8. 

®See Maly's Jahresber., 34. 

® Ruppel, 2eitsehr. f, Biologie, 31; Laves, Zeitschr. f. physiol. Ohem., 10. 

^See Biedert, Untersuchungen fiber die chemischen IJntors{?hiede der Mensehen- 
und Kuhmilcli (Stuttgart), 1884; Langgaard, Virchow’s Arch.,f>5; Makris, Studien 
fiber die Eiweisskorper der Frauen- und Kuhtnileh, Inaug.-Diss. Strassburg, 1876. 

* Muller, Zeitschr. f. Biologie, 39; Rubner and Heubner, ibid.^ 37, 
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; The question as' to: -whether the above-mentioned differences, depend on . 
a decided difference in the two caseins or only on an unequal relationship 
between the casein and the salts in the two kinds of milk, or upon other 
circumstances, has not been decided as yet. According to Szontagh and 
Zaitschek and also Wroblewsky, the casein from human milk does not 
yield any pseudonuclein on peptic digestion, and hence it cannot be a 
nucleoalbumin. Wroble^vsky has found the following for the composi- 
tion of casein from woman’s milk: C 52.24, H 7.32, N 14.97, P 0.68, S 1.117 
per cent. According to Kobraiv^ woman’s casein yields some pseudonu- 
clein, and with repeated solution in alkali and precipitation by an acid it 
becomes more and more like cow’s casein. He therefore suggests the 
possibiiit}^ that woman’s casein is a compound between a nucleoalbumin 
and a basic protein. 

Woman’s milk also contains lactalbiimin, besides the casein, and a 
protein substance, very rich in sulphur (4.7 per cent) and relatively poor 
in carbon, which Wroblewsky calls opalisin. The statements as to the 
occurrence of proteoses and peptones are disputed as in many other cases. 
No positive proof as to the occurrence of proteoses and peptones in fresh 
milk has been given. . 

Even after those differences are eliminated which depend on the imper- 
fect’ analytical methods employed, the quantitative composition of looman^s 
milk is variable to such an extent that it is impossible to give any average 
results. The recent analyses, especially those made on a large number 
of samples by Pfeiffer, Adriance, Camerer and SoLpNER,^ have posi- 
tively showm that woman’s milk is essentially poorer in proteins but richer 

r jju' - - •'<. ^ i.i,a ' '-.-3 • ^ . j t -Sana o. 

in sugar than cow’s milk. The quantity of protein varies between 10-20 
p. m., often amounting to only *15-17 *p” m". or less, and is dependent upon 
the length of lactation (see below). The quantity of fat also varies con- 
siderably, but ordinarily amounts to SO^^O^p. m.^ The_ quantity of sugar 
should not be below 50 p. m,, but may rise to even 80 p. m. About 60 
p. m. may be considered as an average, but it should be borne in mind 
that the quantity of sugar is also dependent upon the length of lactation, 
as it increases with duration. The amount of^^^mineral bodies *varies Tie- 
tween 2\and 4 p.bn. 

^Szontagh, Malyhs Jahresber., 22; Zaitschek, 1. c.; Wroblewsky, Beit rage zar 
Keimtnisdes Frauenkaseins^’ (Inaug.-Diss. Bern, 1894), and ^‘Ein neuer eiweis^artiger 
Bestandteil der Miich/^ Anzeiger der Akad* ,d, Wiss. in Krakau, 1898; Ivobrak, 
PfiugeFs Arch., 80. 

2 Pfeiffer, Jahrb. f. Kinderheilkiinde, ,20,. also Maly’s Jahresber., i:?; V. A<lriance 
and J. Adriance, A Clinical Repox't of the Chemical Examination, etc., Archives of 
Pediatrics, 1897; Camerer and Soidner, Zeitschit ff.rBioIogie, and JIO. In regard 
to the composition of woman’s milk, see also Biel^ Maly’s Jahresber., 4; Ghristenn, 
MendesdeLeon,i&fd.,12; Gerber, Bidl Boc. ehim., 2SpTohn^t'Scheff, .’Hoppe- : 
Beyler’s Med.-chem. Untersueh., 272. ' ' ; y, . . ^ ^ A 
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From a quantitative standpoint, the most essential differences between 
woman's and cow's milk are as follows: As compared with, the quantity 
of albumin, the quantity of casein is not only absolutely but also relatively 
smaller in woman's milk than in cow's milk, while the latter is poorer in 
milk-sugar. Human milk is richer in lecithin, at least reiati\'ely to the 
amount of protein. Burow found 0.49-0.58 p. m. lecithin in cow's milk 
and 0.58 p. m. in woman's milk, which corresponds to 1.40 per cent for the 
first milk and 3.05 per cent for the second, calculated on the percentage of 
protein. According to Koch human milk and cow's milk contain lecithin 
as well as cephalin. The total quantity of both bodies in human milk was 
0.78 p. m. and in cow's milk 0,72-0.86 p. m. The quantity of nucleon is 
greater in woman's milk. According to Wittmaack cow's milk contains 
0.566 p. m. nucleon, and woman's milk 1.24 p. m., and according to Valenti 
the quantity of nucleon in human milk is indeed still higher. Siegfrieu 
finds that the nucleon phosphorus amounts to 6.0 per cent of the total 
phosphorus in cow's milk and 41.5 per cent in woman's milk, and also 
that in human milk the phosphorus is nearly entirely in organic combina- 
tion. Because of the large amount of casein (and calcium phosphate) 
cow's milk is much richer in phosphorus than human milk. The relation 
P206:N, according to Schlossma.nn,^ is equal to 1:5.4 in human milk 
and 1:2.7 in cow's milk. Wo manly .PQ-.Uk j§ POPJer . in jnineral bodies, esjDe- 
cially lime, and it contains only one-sixth of the quantity of lime as com- 
pared witli cow's milk. The mineral constituents of human milk "are 
lietter assimilated by~tli'e organism of the nursing child than those bf cow's 
milk. Human milk is claimed to be also pbbrer in citric acid (Scheibe^)^ 
although this is not an essential difference. 

Another difference between woman milk and other varieties of milk is 
Umikopf's reaction, which seems to depend upon the quantitative composition, 
especially the relation between the milk-sugar, citric acid, lime, and iron (Siebbir 
This reaction consists in treating 5 c.c. of woman's milk with 2.5 c.c. ammonia 
(10 per cent) and heating to C. for 15-20 minutes, when the mixture becomes 
vioiet-red. Cow's milk gives a yellowish-brown color when thus treated. 

According to Rubner woman's milk contains about 3 p. in. soaps, but this 
could not be substantiated by Camerer and Soldner. According to them 
woman's milk contains no soaps, or at least only very small amounts. They also 
found the quantity of urea nitrogen in woman's milk to be 0,11-0.12 p. m., 
although ScHONDORFF ^ found nearly twice this amount, namely, 0.23 p. m. 

In regard to the quantity of mineral bodies in woman's milk we have 

^ Burow, Zeitschr. physiol. Chem., 30; Koch, ibid,, 47; Wittmaack, 22; 
Siegfried, ibid., 22; Valenti, Biochem. CentralbL, 4; Schlossmann, Arch. f. Kinderheil- 
kunde, 40. 

®Zeitschr. f. physiol. Chem., 30. 

Rubner, Zeitschr. f. Biologic, 30; Camerer and Soldner, ibid,^ 39; Schondorff, 
Ffiuger's Arch., 81..;: 
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the, analyses , of several investigators, especially of Bunge (analyses and 
B) and of Soldnee and Cameeee (analysis C)L Bunge analyzed the 
milk of a woman, fourteen days after delivery, whose diet contained very 
little common salt for four days previous to the analysis (J.), and again 
three days later after a daily addition of 30 grams of NaCl to the food (B). 
The figures are in 1000 paiTs of the milk: 



A. 

B, 

C, 

KoO. . . 

0.780 

0.703 , . 

■0,884 

Na.O. .......... . 

0.232 

0.257 

0.357 

CaO. . 

0.328 

0.343 

0.378 

MgO 

0.064 

0.065 

0.053 

FfigOs - . . 

0.004 

0.006 

0.002 

PA 

...... 0.473 

0.469 

0.310 

Cl 


0.445 

0.591 


The relationship of the two bodies potassium and sodium, to each other 
may, according to Bunge, vary considerably (1. 3-4.4 equivalents of potash 
to 1 of soda). By the addition of salt to the food the quantity of sodium 
and chlorine in the milk increases, while the quantity of potassium de- 
creases. De Lange found more Na than K in the milk at the beginning 
of lactation. Jolles and Friedjung found on an average 5.9 milligrams 
of iron per liter of woman’s milk. Camerer and Soldner^ find about 
the same amount, namely, 10-20 milligrams 3.5-7 milligrams iron 

in 1000 grams human milk. 

The gases of woman’s milk have been investigated by Kulz.^ He found 
1.07-1.44 c.c. of oxygen, 2.35-2.87 c.c. of carbon dioxide, and 3.37-3.81 
c.c. of nitrogen in 100 c.c. of milk. 

The proper treatment of cow’s milk by diluting it with water an d Joy 
certain additions in order to render it a proper substitute "for woman’s milk 
in the nourishment of children cannot l3e determined before the difference 
in the protein bodies of these twdlands brmilk h^^^^ studied!,. 

The colostrum has a higher specific gravity, 1.040-1.060, a greater 
quantity of coagulable proteins, and a deeper yello^v color than ordinary 
woman’s milk. Even a few days "after the color becomes hss 

yellow, the quantity of albumin less^ aiid the number of „colostrum-CQi-, 
puscles diminishes. 

We have the ^der analyses of CLBi^rM ^ and the recent investigations of 
Pfeiffer, V. and J. Abriance, Camerer and Soldnee on the changes in 
the composition of milk after delivery. It follows, as a unanimous result 


^ Bunge, Zeitschr. f. Biologie, 10; Camerer and Soldner, ibid,, 30 and 44, 

^ De Lange, Malyhs Jahresber., 27; Jolles and Friedjung* Arch. f. exp. Path, u, 
Phann.,46: Camerer and Soldner, Zeitschr. f, Biologie, 40. , . 

f.' Biologie,'' 32.' 

* See Hoppe-Seyler Physiol. Chem., 734. 




. MILK. , 


from these investigations, that the quantity of protein, which amounts 
to more the first two days, sometimes to more than 30 p. m. at first, rather 
quickly and then more gradually diminishes as long as the lactation con- 
tinues, so ^thatdn the third week it equals about 10-iS p. m. Like the 
protein substances, the mineral bodies also gradually decrease. The 
quantity of fat* Slows no regular or constant'' variation during 'lactation, 
while the lactose, especially according to the observations of V. and J. 
Adriaxce (120 anaiyses), increases rather quickly the first days and then 
only slowly until the end of lactatjon. The analyses of Pfeiffer, Caterer 
and SoLDNER also show an increase in the quantity of milk-sugar. 

The two mammary glands of the same woman may yield somewhat different 
milk, as shown by ttbuRDAT and later by Brunner.^ Likewise the^ different 
portions of mfik from the same milking m varying composition. 

first portiohs' are always poorer "in fat^ ' ' 

" ^ According to l'Heritier and toTERNOis and Becqubrbl, the milk of blondes 
contains less casein than that of brunettes, a difference which ToemaTsScheff ^ 
could not substantiate. Women of delicate constitutions yield a milk richer in- 
solids, especially ii.i casein, than women with strong constitutions (V. and B.). 

According to Yernois and Becquerel; the age of the woman has an effect on 
the composition of the milk, so that we find a greater quantity of proteins and 
fat in women 15-20 years old and a smaller quantity of sugar. The smallest 
quantity of proteins and the greatest quantity of sugar are found at 20 or from 
25 to 30 years of age. According to Yernois and Becquerel, the milk with the 
first-born is richer in water — with a proportionate diminution of casein, sugar, and 
fat — than after several deliveries. 

The influence of menstruation seems to slightly diminish the milk-sugar and to 
considerably increase the fat and casein (Yernois and Becquerel). 

Witch’s milk is the secj’etion of the tnaramary glands of new-born children of 
both sexes immediately after birth. This secretion has from a qualitative stand- 
point the same constitution as milk, but may show important differences and 
variations from a quantitative point of view. Schlossberger and Hauff, 
Gubler and Quevenne, and v. Gensbr •'* have made analyses of this milk and 
give the following results: 10.5-28 p. m. proteins, 8.2-14.6 p. m. fat, and 9-60 
p. m. sugar. 

As milk is the only form, of nouiishment during a certain period of the 
life of man and mammals, it must contain ali the nutriment necessaryTor 
l ife. Th is fact is shown by the^HW ;ontmmrig*respre'sS3Hrves*’or'TEe 
threeWhi^^roupWoF” organic nutritive ' siiKanS— proto 'carbohv- 
•drates, and fat; and all milk, seems to contain without doubt also some 
lecithin and nucleon. The mineral bodies in milk must also occur in proper 
proportions, and on this point the experiments of Bunge on dogs are of 


^ Sourdat, Compt. rend., 71; Brunner, Pfliiger’s Arch., 7. 

n'Heritier, cited from Hoppe-Seyler, Physiol. Chem., 738; Yernois and Bee- 
. querel, Du lait chez la femme dans Tetat de sante, etc. (Paris, 1853); Tolmatscheff, 
Hoppe-Seyler, Med .-chem. Untersuoh., 272. 

® Schlossberger and .Hauff, Annal. d, Chem. u. Pharm., 9G; Gubler and Quevenne, 
cited from Hoppe-Seyler's Physiol. Chem., 723; v. Genser, ibid. 
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special interest. He found that the mineral bodies of the milk occur in 
about the same relative proportion as they do in the body of the sucking, 
animal. Bunge ^ found in 1000 parts of the ash the following results 
(A represents results from the new-born dog, and B the milk from the bitch) : 



A. „ 

B. 

ICO. . . 

114.2 

149.8 

Na.O 

106.4 

88-0 

CaO 

295.2 

272.4 

MgO. . 

18.2 

. 15.4 

FeoOs 

' '7.2 

. 1.2 

PA. ........ 

394.2 

342.2 

CL 

83.5 

169.0 


Bunge explains the fact that the milk-ash is richer in potash and poorer 
in soda than the new-born animal by saying that in the growing animal the 
ash of the muscles rich in potash relatively increases and the. cartilage rich 
in soda relatively decreases. In regard to the amount of iron we find an 
unexpected condition, the ash of the new-born animal containing six times 
as much as the milk-ash. This condition Bunge explains by the fact 
founded on his and Zalesky^s experiments, that the quantity of iron in the 
entire organism is highest at birth. The new-born has theref ore its own 
supply of iron for the growth of its organs even at birth. 

The investigations of HuGOUNENa, r>E Lange, Camerer and Soldner^ 
have shown that in man the conditions are different from those in animals, 
as the ash of the child has an entirely different composition as compared to 
the milk. As an example the following analyses are given (of Camerer and 
Soldner). (A, the ash of the sucking infant, and B, the ash of the milk.) 
The results are in 1000 parts of the ash. 

K.0 

NaX) 

CaO 

MaO 

FeA 

PA 

Cl 

We cannot therefore state as a definite fact that the composition of the 
^h of the ^sucking yo ug£ j ^ d jhe j>s h of gie corresponding milk coi ncide. 
Bunge ^ nevertheless daims that the composition of the ash of the sucking 
young of varmus mamrnals^nea^yjl^^^^^ ‘the asirb^^ ilie moUc 

differs from the ash of the young in so far as the slower the young grows 
the richer it is in alkali chlorides a nd relatively poorer in phosphates and, ' 

^ Zeitsehr. f. physiol. Chem,, IS. 

^Hugounenq, Compt, rend,, 128; de Lange, Zeitsehr. f. Biologie, 40; Camerer 
and Soldner, iUA, SO, 40, And 44.- 'h 

® Bunge, ^^Die zunehmeixde Unfahigkeit der Frauen ihre Kiaider m stolen, Mun- 
ehen, 1900, cited by Camerer, Zeitsehr, f. Bio|0gie,''4O;-y’'- t- "■'-■V 'V': ’ , 


A. 

B, 

78 

314 

91 

119 

361 

164 

9 

26 

8 

6 

389 

135 

77 

200 
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lime-salts. The constituents of the ash have two functions to perform, 
namely, the building up of the tissues and secondly the preparation of the 
excreta, especially the urine. The faster the young grows the more is the 
first in' evidence, while the slower it develops, the second is prominent. 

The quantity of niiheral bodies in the milk, and especially the amount 
of lime and phosphoric acid, as shown by Bunge and Proscher and Pages, 
stands in close relationship to the rapidity of growth, because the amount 
of these mineral constituents in the milk is greater in animals Avhich grow* 
and develop quickly ' than in those which grow only slowly. A similar 
relationship exists also, as shovm by the researches of Proscher, and espe- 
cially of ABDERHALDENd between the quantity of protein in the milk ^ and 
the rapidity of development of the sucking young. The amount of protein 
is greater in the milk the quicker the animal develops. 

The influence of the food on the composition “of the milk is of interest 
from many points of view and has been the subject of many investigations. 
From these we learn that in human beings as well as in animals an insuffi- 
cient diet decreases the quantity of milk and the quantity of solids, while 
abundant food increases both. From the observations of Decaisne^ on 
nursing women during the siege of Paris in 1871, the amount of casein, fat, 
sugar, and salts, but especially the fat, was found to decrease with insufficient 
food, while the quantity of lactalbumin was found to be somewhat increased. 
Food rich in proteins increases the quantity of milk, and also the solids 
contained, especially the fat, according to most statements. The quantity 
of sugar in womanh milk is found by certain investigators to be increased 
after food rich in proteins, while others claim it is diminished. A diet rich 
in fat may, as the researches of Soxhlet and many others ^ have shown, 
cause a marked increase in the fat of the milk when the fat partaken is in a 
readily digestible and assimilable form. The presence of large quantities of 
carbohydrates in the food seems to cause no constant, direct action on tlie 
quantity of the milk constituents.^ In carnivora, as shown by Ssubotin,^ 
the secretion of milk-sugar proceeds uninterruptedly on a diet consisting 

^Proscher, Zeitschr. f. physiol. Ohem., 24; Abderhalden, ibid., 27; Pages Arch, 
de Physiol. (5), 7. 

® Cited from Hoppe-Seyler, i. c., 739. 

® See Maly's Jahresber., 26. See also Basch, Ergebiiisse der Physiologio, 2, Abt. 1. 

** In regard to the literature on the action of various foods on woman's milk, see 
Zalesky, ^'Ueber die Einwirkung der Nahrung auf die Zusammensetzung und Nahr- 
haftigkeit der Frauenmilch," Berlin, klin. Wochenschr,, 1888, which also contains the 
literature on the import^ance. of diet on the composition of other kinds of milk. In 
regard to the extensive literature on the influence of various foods on the milk pro- 
duction of animals, see Konig, Chem. d. mensehl. Nahrungs und Genussmittel, 3. Aufl 
1/ 298. See also Maly's Jahresber.,- 29, 30, U, and Morgen, Beger and PlneerlW 
'Landw. Versuchsst,, 61. ■ w 

* CentraibL f. d. mcd, Wissensch., 1866, 337. 
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, exclusively of lean meat. Watery food gives a milk containing an excess 

ij of water and having little value. In the milk from cows which were fed on 

: distillers’ grain Commaille ^ found 906.5 p. m. water, 26.4 p. m. casein, 4.3 

;■ p. m. albumin, 18.2 p. m. fat, and 33.8 p. m. sugar. Such milk has some- 

times a peculiar sharp after-taste, although not always.^ 

Chemistry of -Milh-secretion.^ T^ constituents which occur actu- 

ally dissolved in milk pass into the secretion not alone filtration or diffu- 
sion, but more likely are secreted by a specific secretory activity of the ^ 

glandular elements, is sho-wn by the fact that milk-sugar, which is not^ 

, found in the blood, is to all appearances formed in the glands themsel\:es.^ 

A further proof lies in the fact that the lactalbumin is not identical 
I seralbumin; and lastly, as BungeJ* has shovui^ the mineral bodies secreted 

by the milk are in quite different proportions from those in the blood- 

, 'Serum. ’.7 ~ " ■ ■ 

Little is known in regard to the formation and secretion of the specific 
constituents of milk. The older theory, that the casein was produced from 
the lactalbumin’ by~’"the action of an enzyme, is incorrect and originated 
probably from mistaking an alkali albuminate for casein. Better founded 
is the statement that the casein originates from the protoplasm of”Se 
gland-cellsr ' There does not “seem to" be'any doubt that the protoplasm^M 
the cells takes part in the secretion in such a manner that it becomes itself 
a constituent of the secret ion , and this also agrees with Heidenhain’T^ 
views. According to Basch’s researches the casein is formed in ti§ 
mammary gland by the nucleic acid of the nucleus being set free and 
uniting intra-alveolar with theTfa nsuda ted serum, tluisformihg^anucleoalbu^ 
min, the casein. The untenableness bf this view has been shown by 
BiscH, and the investigations of Hildebrandt ^ upon' the proteolytfc 
I • enzynibof'the mamrnary^^gl^tf^^^^ the' autolysls of 

given any clue as to the mode of formation of casein. 

That the'miik-fat is “produced by a formation of fat in the protoplasm, 
and that the fat-giobules are set free by their destruction, is a generally 
admitted opinion, which, however, does not exclude the possibility that 
the fat is in part taken uj) by the glands from the blood and eliminat^l 
with its secretion.,^ That thejats of thelood mi. pass into. the ^uilk follmvs 
from the investigations of Winternitz, as he has been able to detect the 
passage of ^odizedjats in^the milk. JANTZENlias shoTOi that after feeding 
iodized casein, the milk-fat of goats contained a little iodine, %vhich indicates 

^ Cited from Konig, 2, 235. 

^ See Beck, Malyhs Jahresber., 25, 

®Lelirbnch d. physiol, und pathol. Chem., 3. Aufi., 93. 

^Hermann’s Handbuch, 5, Teil 1 , 380. , , 

®Basch, Jahrb. f. Kinderheilkunde, 1898; Hildebrandb Hofmeisteris Beitr%e, S; 
Lobisch, ibid.) 8, v;;;-" • 




: 538 ^ 


MILK. 


that the iodized milWat could also have a different origin. As a con- 
tamination of the casein fed with iodized fat was not excluded in these 
experiments, they do not seem to modify the proof of the investigations of 
WiNTEEKiTz and others (Caspari, Paraschtshuk ^). The abundant quan* 
titles of iodized fat which were eliminated with the milk in these cases with- 
out doubt depend, at least in great part, upon the iodized fat of the food, 
hence it cannot be said that all of the milk-fat containing iodine was 
imehanged iodized fat of the food. The investigations of Spampani and 
Daddi, Paraschtschuk, Gogitidse and others on the passage of foreign 


fats into the milk also indicate the passage of the fat of the food into 
the milk, although we are still uncertain on this point. According to 
SoxHLET the fat of the food does not pass into the milk directly, but is 
destroyed in place of the"^ body-fat, wliiclf available and 

is,~ as it^wefe, pushed into the milk . Henriques and Hansen coiild hot 
detect any mention able quahti^^f linseed-oil in the milk after feeding 
with this oil; the milk-fat was not normal, but had a higher iodine equiva- 
lent and a higher melting-point, from which they also concluded that a 
transformation of the food-fat in the glandular cells is possible. The 
experiments of Gogitidse ^ with soaps also speak for the fact that the 
mammary glands have the property of forming fats by synthesis from their 
components. As a formation of fat fm in the a^ninml^ 

organism is at the present day considered as positively proved, it is likewise 
possible that the milk-glands also produce fatS Thorn the carbohydrates 
brought to them by the bloodf "^It is a well-lmoiwi Tact That ah aniinal 
^ives off Tor a long time;' fat in the milk thairit 
receives as food, and this proves that at least a part of the fat secreted by 

lisaw H 'fV M u a. ■- h IS S'i. r T - « ^ ^ ^ ^ ^ " 

the milk is produced from proteins or carbohydrates, or perhaps from both. 
The question as to how far this fat is produced directly in the milk-glands, 
or from other organs and tissues, and brought tb the gland by means of 

A ) jr!- a ■T’-.-rnr-" ' j Y . j t V 

the blood, cannot be decided. 

The origin of milk-sugar is not known. Muntz calls attention to the 
fact that a number of very widely diffused bodies in the vegetable king- 
dom — vegetable mucilage, gums, pectin bodies — yield galactose as a pro- 
duct of decomposition, and he , beheyes^^^ that milk-sugar may 

be formed in lierbivora by a synthesis from dextfose'and galactose. Tins 
origin of milk-sugar does not apply to carnivora, as they produce milk- 
sugar wmen led on food consisting entirely of lean meat. The observa- 

'Winfcernitz, Eeitsehr. f. physiol. Chem., 24; Jantaen, Centralbl. f, Physiol, U; 
Caspari, Arch, f, (Anat. u.) Physiol, 1899,, Bupplbd. and Zeitschr. f. Bioiogie, 40; 
Paraschtschuk, Ghem. Centralbl, 1903, 1, 

^ Spampani and Daddi, Malyhs Jahresber., 26; Henriques and Hansen, ibid.^ 29; 
Gogitidse, Zeitschn I. Bioiogie, 45 and '46;; See.also Basch, Ergebnisse d; Physiol, 2, 
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:tions of Bebt and 'Thiebfeloer.i. that a mother-substance of the milk- 
sugar, a saccharogen, occurs in the glands cannot give further explanation as 
to the formation of milk-sugar, as the nature of this mother-substance is still 
unkiiovTi. As the animal body has undoubtedly the power of converting 
one variety of sugar into another, the origin of the milk-sugar can be 
sought simply in the dextrose introduced as food or formed in the body. 
Certain observations indicate such an origin, among others those of 
PoBCHEE,^ who found that dextrose appeared m the urine after delivery 
when the mammary glands of the goat had previously been extirpated. 
This glycosuria is ™ explained simply by the fact that the lactose-forming 
action of the gland was removed at the time of delivmy , when large amounts 
of dextrose were produced. 

The passage of foreign substances into the milk stands in close connec- 
tion with the chemical pmcesses of milk secretioin ' ' " 

It is a woll-knowm fact that milk acquires a foreign taste from the food 
of the animal, which is in itself a proof that foreign bodies pass into the 
milk. This fact becomes of special importance iii reference to such in lunous 
substances as may be iirtroduced into the organism of the nursing chil dj) y 
means of the milk. 

Among these^substances may be mentioned opium and morphine, which 
after large doses'pass into the milk and act on the child. Alcohol may aTsb 
pass into the ihilk,^ but probably not in such quantities as to have any direct 
action oh the nursing chikl.^ Alcohol is" claimed to have been detected in 
the milk after feeding cows wdth brewer’s grains. 

Among* inorganic bodies, iodine, arsenic, bismuth, antimony, zinc, lead, 
mercury, and iroihhavc been found ih'milk." In icterus neither bile-acids 
nor bile-pigments pass into the I'nilk. 


Under diseased conditions no constant change has been found in woman’s 
milk. In isolated cases Schlossberger, Jolt and Filhol ^ have observed 
indeed a markedly abnormal composition, but no positive conclusion can be 
derived therefrom. 

The changes in cow’s milk in disease have been little studied. In tuberculosis 
of the udder Storch ^ fqiuidyubercle bacilli^ m and he also noted Jhjt 

the milk becamc'''mqre and more dhuted, during the disease, with a serous liq'i nd , 
similar to blood^serum^ so that the^lands finafly,, instead of yielding milk, 
only blood-serum or a serous "SuidL Hijsson ^ found that milk fipm miurain 


^ Miintz, Compt. rend., 1,02; Bert and Thierfekler, foot-note 3, p. 514. 
nJompt. rend., 138 and 141. 

3 See Kiingemann, Virchow’s Arch., 126, and Rosemann, Pfiuger’s Arch., IS, 

^ Schlossberger, AnnaL d, Chem. u. Pharni., 96; Joiy and Filhol, cited from 
V. Gonip-Besanez;, Lehrb., 4. Aii0.., 438. " , 

^See Bang, Oin Tuberkulose i KoenkYver og om tuberkuloa Malk, Nord. med. 
Arkiv, 16, and also Maly’s Jahresber., 14, 170; Storch- Maly’s Jahresber., 14. ^ ^ , 

® Compt. rend., 73. '■ ■■ ■ 
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cows contained more proteins but cpnsideraW^ fat and (in severe (?asGs) less 
sugar than normal ~ 

The milk may be blue or red in color, due to the development of iniero- 
prganisms,.__._^ ' ' ' ' - — - - . 

The formation of concrements in the exit-passages of the cow's udder is often 
observed. These consist chiefly of calcium carbonate, or of carbonate and phos- 
phate with only a smalFardouiit of organic substances. 



CHAPTER XV. 


■ URINE.' ■ 

excretion of the animal organism; it is the ' 
means of cUminaling the nitrogenous metabolic products, also the water and 
the soluble mineral substances; and in many cases it furnishes important 
data relative to the metabolism, quantitatively by its variation, and quali- 
tatively by the appearance of foreign bodies in the excretion. Moreover hr 
many cases we are able from the chemical or morphological constituents 
which the urine abstracts from the kidneys, ureter, bladder, and urethra 
tV judge of "the condition of "these oi^ans; anff lastly, urinary analysis 
affords aii excellent means of deciding the question as to how certain 
medicinal agents 6F other™ foreigirsuBstahces introduced into the organism 
are absorbed and chemically "changed". "Ih this l'espect especially urinary 
analysis has furnished very important particulars in regard to the nature of 
the chemical processes taking place within the organism, and it is therefore 
not only an important aid in diagnosis to the physician, but it is also of 
the greatest importance to the toxicologist and the physiological chemist, 

111 studying the secretions and excretions the relationship must be sought 
between the chemical structure of the secreting organ and the chemical 
composition of its secreted products. Investigations with respect to the 
kidneys and the urine have led to very few results from this standpoint. 
Although the anatomical relation of the kidneys has been carefully studied, 
their chemical composition has not been the subject of thorough analytical 
research. In cases in which a chemical investigation of the kidneys has 
been undertaken, it has been in general only of the organ as such, and not 
of the different anatomical parts. An enumeration of the chemical con- 
stituents of the kidneys known at the present time can, therefore, have only 
a secondary value. , 

In the kidneys We find proteins of different kinds. According to : 

Halliburton the kidneys do not contain any albumin, but only a globulin ' : 
and a nudeoproteid. The globulin coagulates at about 52^ C., and the 
nucleoproteid contains 0.37 per eent phosphorus. According to L. Leibee- 
MANN the kidneys contain a lecitlmlhumin, and he ascribes to this body a 
special importance in the secretion of acid urines. The kidneys also contain, 
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according to Lonnberg, a mucin-like substance. This substance yields no 
reducing body on boiling with acids and belongs chiefly to the papilla©; and 
is, according to Lonnberg, a nucleoalbumin (nucleoproteid?). The cor- 
tical substance is richer in another nucleoalbumin (nucleoproteid) unlike 
mucin. It has not been decided what relationship this last substance 
hears to Halliburton's nucleoproteid. The nucleic acid obtained by 
Mandel and Levene from beef kidneys yielded guanine, adenine, thy- 
mine, and cytosine on cleavage. According to Morner^ chondroUin- 
sulphuric acid occurs as traces. Mandel and Levene ^ have also obtained 
glucothionic acid from the kidneys. Fat occurs only in very small amounts 
in the cells of the tortuous urinary passages. Among the extractive bodies 
of the kidneys one finds purine bases ^ also urea^ uric acid (traces), glycogen^ 


leucine j inosite, taurine, and cystine (in ox-kidneys). The quantitative 
analyses of the kidneys thus far made possess little interest. Oidtmann ^ 
found 810.94 p. m. water, 179.16 p, m. organic and 0.99 p. m. inorganic 
substance in the kidney of an old woman: 


The fluid collected under pathological conditions, as in hydronephrosis, is thin 
with a variable but generally low specific gravity. Usually it is straw-yellow or 
paler in color, and sometimes colorless. Most frequently it is clear, or only 
faintly cloudy from white blood-corpuscles and epithelium-cells; in a few cases 
it is so rich in form-elements that it appears like pus. Protein occurs gener- 
ally in small amounts; occasionally it is erttirel}^ absent, but in a few rare cases 
the amount is nearly as large as in the blood-serum. Urea occurs sometimes 
in considerable amounts when the parenchyma of the kidneys is only in part 
atrophied ; in complete atrophy the urea may be entirely absent. 


I, Physical Properties of Urine. 


Consistency, Transparency, Odor, and Taste of Urine. Under physio- 
logical conditions urine is a thin liquid and gives, when shaken with air, a 
froth which quickly subsides. Human urine, or urine from carnivora, which 
is habitually acid, appears clear and transparent, often faintly fluorescent, 
immediately after voiding. When allowed to stand for a little while human 
urine shows a light cloud {nubecula), which consists of the so-called ‘'mucus/' 
and generally also contains a few epithelium cells, inucus-corpuscles, and 
urate-graniiles. The presence of a larger quantity of urates renders the 
urine cloudy, and^a clay-yellow, yellowish-brown, rose-colored, or often 
brick-red precipitate {sedimentum lateritium) settles on cooling, because of 
the greater insolubility of the urates at the ordinary temperature than at 
the temperature of the body. This cloudiness disappears on gently w^arm- 


' Halliburton, Journ. of Physiol., IS, Suppl, and 18; Liebermann, Pfliiger's Arch., 
50 and 54; Lonnberg, see Maly^s Jahresber.,, 20; Mandel and Levene, Zeitscbr. f! 
physiol. Chem,, 47; Momer, Skand, Arch. 1 Physiol.,, 6. 

® Cited from V. Gomp-Besaixfez;Lehrbtich/CAufi 4 ' 732.- - V • - : 
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ing. In new-born infants the cloudiness of the urine during tiie first 4-5 
days is due to epithelium, mucus-corpuscles, uric acid, and urates. The 
urine of herbivora, which is habitually neutral or alkaline in reaction, is 
very cloudy on account of the carbonates of the alkaline earths present. 
Human urine may sometimes be alkaline under physiological conditions. 
In this case it is cloudy, due to the earthy phosphates, and this cloudiness 
does not disappear on warming, differing in this respect from the sedimen^ 
turn lateritium. Urine has a salty and faintly bitter taste produced by 
sodium chloride and urea. The odor of urine is peculiarly aromatic; the 
bodies which produce this odor are unknown. 

The color of urine is normahy pale yellow when the specific gravity is 
1.020. The color otherwise" depends on the concentration of the urine .§|id_ 
varies from pale straw-yelTow, when the urine contains small amounts^^of 
solids, to a dark reddish yellow or reddish brown in stronger concentration. 
As a rule the intensity of the coloF corresponds to the concentration, but " 
under pathological cohdiUonsexceptibhs'occur such as is found in" diaBetic' 
urine, w^hich contains a large" ainduht of “solids and has a high specific " 
gravity and a pale-yellow color. 

The reaction of urine "depends essentially upon the composition of the 
food. The carnivora, as a rule, void an acid, the herbivora, a neutral or 
alkaline urine. If a carnivore is put upon a vegetable diet, its urine may 
become less acid or neutral, while the reverse occurs when an herbivore is 
starved, that is, when it lives upon its own flesh, as then the urine voided is 
acid. 

The urine of a healthy man on a mixed diet has an acid reaction, and^ ^ 
the sum of the acid equivalents is greater than the sum of the basic equiva- 
lents. This depends upoiTthe fact that iii the jpHysiolog'ical combustion "of 


neutral substances (proteins and others) w-ithin the organism, acids are pro- 
duced, chiefly sulphuric acid, but also phosphoric and organic acids, such as 
hippuric, uric, and oxalic acids, aromatic oxyacids, and others. From this it 
follow^s that the acid reaction is not due to one acid alone. The ordinary 
view that the acid reaction is due chiefly to dihydrogen phosphates is 
therefore not true. The various acids take part in the acid reaction' in 
proportion to their dissociation, since, according to the ion theory, the acid 
reaction of a mixture is dependent upon the number of hydrogen ions 
present. 

The composition of the food is not the only infiiiance which affects the 
degree of acidity of human urine... ..For' example, aft er taking food, at the 

beginning of digestion, when a, larger ar aount of gastric juice cont ainin g 

hydroThlo™^^ fielaeutr^d’or even alval me4 

- slSeniSs' of vSTduTm^lI regard ' 

1 Contradictory statements are lounii in Linossier, Maly^s Jahresber., 'S7. 
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' to tiie' time of the' appearance of the' maximum and minimum of the; acid- 
ity, which may in part be explained by the varying individuality and 
conditions of life of the persons investigated. It has not infrequently been 
observed that perfectly healthy persons in the morning void a neutral or 
alkaline urine which is cloudy from earthy phosphates. The effect of 
muscular activity on the acidity of urine has not been positively determined. 
According to Hoffmann, Ringstedt, Oddi and Tarulli, and Vozaris 
muscular work raises the degree of acidity, but Aducco^ claims that it 
decreases it. Abundant perspiration reduces the acidity (Hoffmann). 

In man and especially in carnivora it seems that the degree of acidity of 
the urine cannot be increased above a certain point, even though mineral 
acids or organic acids which are burnt up with difficulty are ingested in large 
quantities. When the supply of carbonates of the fixed alkalies stored up 
ill the organism for this purpose is not sufficient to combine with the excess 
of acid, then ammonia is split off from the proteins or their decomposition 
products, and this excess of acid combines therewith, forming ammonium 
salts, which pass into the urine. In herbivora such a combination of the 
excess of acid with ammonia does not seem to take place, or not to the same 
extent, and therefore herbivora soon die when acids are given. This is 
true at least for rabbits, while according to Baer ^ this power of increasing 
the elimination of ammonia exists also in the goat, monkey, and pig, hence 
no definite difference in this regard exists between herbivora and carnivora. 
Nevertheless the degree of acidity of human urine may be easily diminished 
so that the reaction becomes neutral or alkaline. This occurs after the 
taking of carbonates of the fixed alkalies or of such alkali salts of vegetable 
acids — tartaric acid, citric acid, and malic acid — as are easily burnt into 
carbonates in the organism. Under pathological conditions, as in the 
absorption of alkaline transudates, or the alkaline fermentation within the 
bladder, the urine may become alkaline. 

A urine with an alkaline reaction caused by fixed alkalies has a veiy 
different diagnostic value from one whose alkaline reaction is caused by 
the presence of ammonium carbonate. In the latter case we have to deal 
with a decomposition of the urea of the urine by the action of micro-organ- 

If one wishes to determine whether the alkaline reaction of the urine is 
due to ammonia or to fixed alkalies, a piece of red litmus paper is clipped into 
the urine and allowed to dry exposed to the air or to a gentle heat. If the 
alkaline reaction is due to ammonia, the paper becomes red again; but if 
it is caused by fixed alkalies, it remains blue. 

^Hoffmann, see Maly's Jahresber:, 14; Ringstedt, ibid., 20; Oddi and Tanilli, 
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Detennination of the As the quantity of phosphoric acid 

present as dihydrogen salt, as" above stated, cannot be used as a measure 
of the acidity, all the older methods suggested for the estimation of this 
portion of the phosphoric acid are not suited for acidity determinations. 
We now determine the acidity simply by acidimetric methods, titrating 
until N/10 caustic alkali, using phenolphthalein as an indicator (Naegeli, 
Hober, Folin). On account of the color of the urine and the presence of 
ammonium salts and alkaline earths, tliis method cannot yield entirely 
exact results. The greatest error depends upon the alkaline earths, which, 
on titration with caustic alkali, precipitate as earthy phosphates in variable 
amounts and of variable composition. This error can be prevented, ac- 
cording to Folin, by the addition of neutral potassium oxalate, wliich 
precipitates the lime, and in this way the disturbing action of the ammo- 
nium salts is also inhibited.- Perfectly acccurate results are not obtained 
by this method, but it is the best of those which have been suggested. 

It is performed as follows: 25 c.c. of urine are placed in an Erlenmeyer 
flask (about 200 c.c. capacity), treated with 1-2 drops of J percent phen- 
oiphthalein solution, and shaken with 15-20 grams of powdered potassium 
oxalate and immediately titrated with N/10 caustic soda with constant 
shaking until a pronounced pale-rose color appears. Vozarik ^ titrates the 
diluted urine without the addition of oxalate and uses phenolphthalein as 
indicator. 

The acidity, as determined by titration, varies considerably under 
physiological conditions, but calculated as hydrochloric acid it amounts 
to about 1. 5-2.3 grams in man in the 24 hours. 

By titration we learn the amount of hydrogen present which can be 
substituted by a metal, i.e., the acidity in the ordinary older sense, but not 
the true acidity, the ion acidity, which is given by the concentration of the 
hydrogen ions of the urine. For similar reasons, as indicated previously in 
treating of the alkalinity of the blood-serum (page 191), the ion acidity 
cannot be determined by titration, while it can be determined according 
to the principle of the electrometric gas-chain method as there given. Such 
estimations have been made by v. Rhorer and by H5 ber. 2 For normal 
urine v. Rhorer found as a minimum 4x10“^, as a maximum 76x10“"^, 
and as an average SOxlO”^. Hober found 4.7X10"*^, 100 and 
49X10““'^, respectively. On an average the urine contains therefore 30-50 
grams of hydrogen ions in 10 million liters, and as in the same quantity 
of purest water there is contained in round numbers 1 gram of hydrogen 
ions, the urine contains, therefore, 30-50 times as many hydrogen ions as 

^ Nacgeli, Zeitschr. f. physiol. Chem., 30; Hober, HofmeisteFs Beitrage, 3; Folia, 
Amer. Joum. of Physiol., 9; Vozarik, 1. c. 

2 V. Rhorer, PhiigeFs Arch., 80; Hober, 1. c. 
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the water. From Hobee’s investigations it also follows that no direct 
relationship exists between the titration acidity and the ion acidity, and 
that the extent of these two acidities may be independent of each other. 

The osmotic pressure of the urine varies considerably even under 
physiologica l conditions. The limits for the free ring-point depre.ssion has 
been found by a number of investigators to be J = 0.87°- 2.71° C.’ After 
partaking of considerable water it may be markedly lower, and on diminished 
supply of water it may be considerably liigher. 


According to Bugaesky a certain relationship e.xists between the freezing- 

J , , 

point depression and the specific gravity, namely, — - -constant = 75. This 

equation, where s represents the specific gravity, has no general application, and 
according to Steyrer ^ is only approximate for normal urines. The validity 
of the relationship found by Bugarsky between the electrical conductivity 
and the ash content of the urine, seems also to require further proof. 

The specific gravity of urine, which is dependent upon the relationsHp 
existing between the quantity of water secreted and the solid urinary con- 
stituents, especially the urea and sodium chloride, may vary considerably, 
but is generally 1.017-1020, After drinking large quantities of water it 
may fall to 1.002, while after profuse penspiration or after drinking veiy 
little water it may rise to 1.035-1.040. In new-born infants the specific 
gravity is low, 1.007-1.005. The determination of the specific gravit}^ is 
an important means of learning the average amount of solids eliminated 
from the organism in the urine, and on this account the determination 
becomes of tme value only when at the same time the quantity of mine 
voided in a given time is determined. The different portions of urine 
voided in the course of the twenty -four hours are collected, mixed together, 
the total quantity measured, and then the specific gravity taken. 

The determination of the specific gravity is most accurately obtained with 
the pycnometer. For ordinary cases the specific gravity may be deter- 
mined with sufficient accuracy by means of areometers. The areometers 
found in the trade, or nrinometers, are graduated from 1.000 to 1.040; for 
exact observations it is better to use tAVo urinometers, one graduated from 
1.000 to L020, and the other from 1.020 to 1.040. 

To determine the specific gravity of urine, if necessaiy filter tlie urine, 
or if it contains a urate sediment, first dissolve it by gentle heat, tlien pour 
the clear urine into a dry cylinder, avoiding the formation of froth. Air- 
bubbles or froth, when present, rnust he removed with a glass rod or filter- 
paper. The cylinder, which should be about four-fifths full, must be wide 
enough to allow the urinometer to SAvim freely in the liquid Avithout touch- 
ing the sides. The cylinder and urinometer should both be dry or pi'eviously 
washed with the urine. On reading, the eye is brought on a level with tlie 

^ See Stmuss, 2feit3chr.T... 3dm.' Med,', 47. , ^ 
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lower iDenipcus— which occurs when the surface of the liquid and the low^er 
limb of the meniscus coincide; the reading is then made from the point 
where this curved line coincides with the scale of the urinometer. If the 
!, eye is not in the same horiy.ontal plane with the convex line of the 

meniscus, but is too high or too low, the surface of the lic|uid assumes the 
shape of an ellipse, and the reading in this ])osition is incorrect. Before 
reading, press the urinometer gently down into the liciuid and then allow 
it to rise, and wait until it is at rest. 

Each urinometer is graduated for a certain temperature, which, at least 
in the case of the better ones, is marked on the instrument, if the urine 
is not at the proper temperature, the following corrections must be made: 
For eveiy three degrees above the normal temperature one unit of the last 
order is added to the reading, and for every three degrees below the nor- 
mal temperature one unit (as above) is subtracted from the specific gravity 
i observed. For example, when a urinometer graduated for 15® C. shows 

' a specific gravity of 1.017 at 24® C., then the specific gravity at 15‘’ C.= 

1.0174-0.003=1.020. 

When great exactitude is required, as, for instance, a determination to 
the fourth decimal point, we make use of a urinometer constructed by 
Lohnstetn.^ Jolles^ has also devised a small urinometer for the deter- 
i mination of the specific gravity of small amounts of urine, 20-25 c.c. The 

specific gravity may also be determined by the Westphal hydrostatic 
balance. 


II. Organic Physiological Constituents of Urine. 

Urea, Ur, CON 2 H 4 =CO<^|J 2 ^ been synthetically prepared in sev- 
eral ways, especially, as Wohlp:r showed in 1828, by the metameric trans- 
formation of ammonium isocyanate: CO.N.NH 4 '-»CO(NH 2 ) 2 ‘ It is also 
produced by the decomposition or oxidation of certain bodies found in the 
animal organism, ^ucn as ^purmd Bodies, creatine, agrinine, other amino- 
acids, and polypeptides. 

Urea is f buhd^r^^^^ abundantly in the urine of carnivora and man, but in 
smaller quantities in^that of herbivora. The quantity in human urine 
ordinarily 20-30 p. m. It has also been found in small quantities in the 
urine of amphibians, fishes, and certain birds. Urea occurs in the perspira- 
tion in small quantities, and as traces in the blood and in most of the animal 
fluids.' " H aTsd occurs in rafEeF&ge' quantities in the blood, liver, muscle,^ 
and "Bile of sharks. Urea is also found in certain tissues and organs of 
mammals, especially in the liver and spleen, although only in small amounts. 
Under pathological conditions, as in obstructed excretion, urea may appear 
to a considerable extent in the animal fluids and tissues. , , , 


^ P^iuger^s Arch., S9; Chem..CentralbL, 1895, 1, and 1896, 2. 
^Wien. med. Presse, 1897, ,hFd,'''8. : ^ : 

® V. Schroeder, 2eitschr. 1 physiol. Chem,, 14. 4 , 

** Hammarsten, tM,--, .24., 




548 


URINE. 


' The quantity of urea which is voided tw^ntyjfoiir hoiirs on a mixed 
diet is in a grown man about 30 grams, in women somewhat less. While 
children void less, the excretion relative to their body \yeight is greater than 
in grown persons. The physiological significance of urea lies in the fact 
that this body forms in man and carnivora, from h quantitative standpoint-, 
the most important nitrogenous end-product of the metabolism of protein 
bodies. On this account the elimination of urea varies to a great extent 
with the catabolism of the protein, and above all with the ciuantity of 
absorbable proteins in the food ingested. The elimination of urea is great- 
est after an exclusive meat diet, and lowest, indeed less than during starva- 
tion, after the consumption of rioh-hitrogehbus substances, since these 
diminish the metabolism of the proteins of tlie body. 

If the consumption of the proteins of the Body is increased, then the 
elimination of nitrogen is correspondingly increased. This is found toJ)e 
the case in fevers, after poisoning with arsenic, antimony, phosphorus, and 
other protoplasmic poisons, and when there is a diminished supply of 
oxygen — as in severe ~and continuous dyspnoea, poisoning with carbon 
monoxide, hemorrhage, etc. In these cases it used to be considered that 
the rise in the excretion of nitrogen was due to an increased elimination of 
urea, because no exact difference was made betw^een the quantity of urea 
and of total nitrogen in the urine. Recent researches have conclusively 
demonstrated the untrustworthiness of these observations. Since Pflugee 
and Bohland have shown that 16 per cent of the total nitrogen of the urine 
exists, under physiological conditions in other compounds, not urea, atten- 
tion has been called to the relationship of the different nitrogenous con- 
stituents of the urine to each other, and it has been found, under patho- 
logical conditions, that this relationship may var}^ considerably, especially 
in regard to the urea. We have numerous determinations by different 
investigators, such as Bohland, E. Schijltze, Camerer, Yoges, Mornee 
and Sjoqvist, Gumlich, Bodtkee,^ and others, on the relationship of the 
different nitrogenous constituents to each other in the normal urine of 
adults. Sjoqvist has made similar determinations on new-born baizes 
from 1 to 7 days old. From all these analyses we obtain the following 
figures (A for adults and B for new-born babes). Of the total nitroo^en 
'there exists: 


^ Pfiuger and Bohland, MugePs Arch., 38 and 48; Bohland, 48* Schultze 
■ Camerer, Zeitschr. t Biologic, 24,;27„and 28; Voges, Ueber die Mischung 

der stiekstolThaitigen Bestandtheiie iih Harn, etc. (Inaug,-Diss. Berlin 189^?) cited 

from Maly’s Jahresber., 22; K. Mdroer and SjSqvist, Skand. Arch f Physiol 
See also Sjoqvist, Nord. med. Arkiv. 1892, No. 36,and 1894, No. 10; Gumlich Zeitsehr 
f. physiol. Chem., 17; B8dtker,.see ISfoly's Jahresber. , 26. , ; ' 







NITROGEN OF THE URINE. 


549 


Per Cent., ,, Per Cent. 


Urea. 84-91 , 73-76 

Ammonia , ' 2-5 7 . 8-9 . 6 

Uric acid. 1-3 3. 0-8. 5 

Remaining nitrogenous substances (extractives). . . . 7-12 7.3-14.7 


The variable relationship between uric acid, ammonia, and urea nitrogen 
in children and adults is remarkable, since the urine of children is consider- 
abty richer in uric acid and ammonia, and considerably poorer in urea, than 
the urine of adults. The absolute quantity of urea nitrogen in adults 
amounts to about 10-16 grams per day. In disease the proportion of the 
nitrogenous substances may be markedly changed, and a decrease in the 
quantity of urea and an increase in the quantity of ammonia have been 
observed in certain diseases of the liver. This will be considered in detail in 
connection with the formation of urea in the liver. It is natural that there 
should be a diminished formation of urea after a decrease in the ingestion 
of proteins or in a lowered catabolism. In diseases of the kidneys which 
disturb or destroy the integrity of the epithelium of the convoluted urinary 
passages, the elimination of urea is considerably diminished. 

Recently by means of Pfaunpler's ^ method, by precipitating the urine 
with phosphotungstic acid and closely studying the precipitate as well as 
the filtrate, it has been possible to learn further about the division of the 
nitrogen of the urine. We determine a, the total nitrogen; b, the nitrogen 
of the phosphotungstate precipitate; and c, the nitrogen in the filtrate from 
the phosphotungstate precipitate. This last contains the urea, hippuric 
acid, and other bodies whose nitrogen is ordinarily designated as monamino- 
acid nitrogen. The urea nitrogen is especially determined. The bodies 
precipitated by phosphotungstic acid are not all known; but uric acid and 
purine bases, ammonia, creatinine, pigments, diamino-acids, diamines and 
ptomaines (if they occur), sulphocyanides, carbamic acid, urine mucoid, 
and proteid belong to this group. Of these bodies, ammonia, uric acid, 
creatinine and purine bases are specially determined. 

The urea nitrogen is always the greatest part of the total nitrogen, but 
otherwise the division of the nitrogen undergoes considerable variation. 
According to v, Jacksch- normal human urine contains from 1.5 to 3 
per cent of the total nitrogen as amino-acid nitrogen and 6.16 to 8.5 per 
cent as ammonia and purine bodies. Other experimenters have obtained 
different results, and our knowledge on this subject is not sufficient. Very 
great variations seem to occur not only in the healthy individual, but also 
and to a greater degree in diseased conditions.^ 

Zeitsehr. f. Heilkimde, 25. 
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Formation of Urea, in the Organism. The experiments to produce ure:t 
directly from proteins by oxidation have led to the formation of some .a;uan“ 
idine, but urea has not been obtained positively. On the hydrolysis oi 
proteins arginine has been found among other products, and as it is also 
produced in tryptic digestion, it is possible that a small portion of the urea 
is producecl in this manner, varying accordihg to the Tcind of protein 
(Drechsel, Kossel, see Chapter if). i)EECHSEL claims that about 10 per 
cent of the urea can be accounted for in this way. 

The possibility of a formation of urea from arginine has gained in in- 
terest since KossEuand Dakin have discovered the presence of an en/yme, 
arginasCj in the liver and other organs, which has the power oi splitting 
arginine with the formation of urea. THOMPspN^ has recently given a dire<d. 
proof for the formation of urea from arginine. The introduction of argiuiiK^ 
into the body of a dog either per os or subcutaneously has in his expert 
ments led to an elimination of urea. While outside of the body only one- 
half of the nitrogen'Vf afgihihe is splS^^off as urea and the other half as 
ornithine, in the above experiments the increase in urea in several instances 
corresponded to the greater part if not the whole of the nitrogen of the 
arginine introduced. In these cases, without mentioning that the arginine 
seemed to raise the' nitrogen catabolism, probably also urea was formed 
from the ornithine. This can be explained by a deamidation of the orni- 
thine and formation of urea from the ammonia and carbon dioxide split off. 

By the action of alkalies, as above mentioned (Chapter XI), urea may 
be formed from creatine; still such an origin of urea in the animal body 
has not thus far been proved. 

The amino-acids are considered as special mother-substances of urea. 
By the researches of Schultzen and Nencki and Salkowski with leucine 
and glycocoll,- those of Stolte with several amino-acids, and those of v. 
KNiERiEMwith asparagine, it has been shown that the amino-acids are in 
part converted into urea in the animal organism. The investigations by 
Salaskin with the three amino-acids, glycocoll, leucine, and aspartic acid, 
have unmistakably shown that the sur\i\dng dog-liver, supplied with arterial 
blood, has the property of transforming the above amino- acids into urea 
or a closely allied substance. The researches of Loewi \rith the '^‘urea- 
forming ” enzyme of the liver,, discovered by Richet, and glycocoll or 
leucine, as also the researches of Ascoli,^ have led to similar results, hut 
it must be remarked that we have no proof as to the identity of the newly 

^ Kossel and Dakin, Zeitschr. f. physiol, Chem., 41; Thompson, Joum. of Physiol, 
^2 and n. . , 

2 Schultzen and Nencki, Zeitschr, f. Biologic, 8; v. Knieriem, ibid., 10; Salkowski, 
Zeitschr. f. physiol Chem., 4; Salaskm;'i5^,, 2o;,, Loewi, ibid., 25; Stolte, Hofmeisteris 
Betoge, ,’5; Riqhet, Compt. 'tend',, 11S>' and' Compt. rend. Soc. biol 40* Ascoli 
'FflugePs Arch., 72;- ^ 
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1 foniied substance witli urea. Nothing can be stated in regard to the extent 

of formation of amino-acids in the physiological destruction of proteins in 
, the animal body with the exception of those formed in the intestinal diges- 

tion. The possibility of such a formation of urea is beyond dispute. As 
shown by Abdekhalden ^ with Teruxjohi and Babkin/ the polypeptides^ 
like the amino-acids, can also be converted into urea in the animal body. 

Nothing positive can be said in regard to the manner in which, this 
formation of urea occurs; but it is’ admitted that it is partly a formation 
from ammonia and partly from carbamic acid. 

The possibility of a formation of urea from ammonia has been positively 
shown. Thus the researches’of v.^Snieriem, SALKOwsKibEEDER, I. Munk, 

' CORANDA, SCHMIEDEBERG and Fr, WaLTER, HaLLERVORDEN, and POHIi 

: and ]\'1 unzer, 2 on the behavior of ammonium salts in the animal body and 

' the elimination of the ammonia under " various cbiiditlons, have shown 

that not only ammonium carbonate, but also those ammonium salts which 
' are burnt into carbonate in the organism, are transformed into urea by 

carnivora as well as herbivora. v. Schroeder,^ by irrigating the surviving 
dog^s liver with blood treated with ammonium carbonate or ammonium 
formate, has shown that the formation of urea takes place, at least in part, 
in this organ. Nencki, Pawlow, Zaleski and Salaskin ^ have also found 
j that in dogs the quantity of ammonia in the blood from the portal vein is 

i considerably greater than that from the hepatic vein, and they claim that 

I the liver retains in great part the ammonia thus supplied. The formation 

^ of urea from ammonia in the liver is a positively proved fact, and the urea 

formation from ammonium carbonate is to be considered as a synthesis 
with the elimination of water. 

The assumption of a splitting off of ammonia from amino-acids is not 


di.fficult of conception, as now, especially from the investigations men- 
tioned in Chapter VIII, we know with positiveness that deamidation of 
amino-acids does take place in the animal body. The ammonia split off 
finds in the blood and tissues the carbon dioxide necessary for the formation 
of carbonate, and to all appearances the conditions are also suitable for 
the formation of carbamate. 

Important observations have been made which give support to the ViewB 
of ScHULTZEN and Nencki,^ namely, that the amino-acids are transformed 


^■Zeitschr. f. physiol. Cbem., 47. 

-V. Knieriem, Zeitschr. f. Biologie, ,10; Feder, Ill; Salkowski, Zeitschr. f. 
Biologic, 1; Miiiik, ibi(L^ 2; Coranda, Arcli. l.'exp. Path. ii. Pharm., 12; 'Schmiede- 
berg and Walter, iUd,^ 7; Hallervorden, ibid,^ 10;;,,Pohl and Mtinzer, Arch, f, e'xp.'^ 

® Arch. f. exp. Path. ii. Pharm,, 15. See also Salomon, Virchow^s Arch.,' 07* ' '* .. 

^ Arch, des sciences biol. de St. P<§tetsbourg, 4;' sfee also Chapter VI,, p. 241* \ 

^ Zeitschr. f. Biologic, 8, , - ‘ , A • b ^ 
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' iiito , urea ' with . carbamic'' acid step. .' DrechseL' has 

shown that the amino-acids yield carbamic acid by oxidation in alkaline 
fluid outside of the organism, and he obtained urea from ammonium car- 
bamate by passing an alternating electric current through its solution, 
i.e., by alternate oxidation and reduction. Drechsel has also been 
able to detect small quantities of carbamates in blood, and later in con- 
junction with Abel he detected carbamic acid in alkaline horse urine. 
Drechsel therefore accepts the formation of urea from ammonium car- 
bamate, and according to him the alternating oxidation and reduction take 
place in the following way : 

H 4 N.O.CO.NH 2 + 0 - H 2 N.O.CO.NH 2 + H 2 O 

Ammonium carbamate 

H2N.0.CO.NH2 + H2 = H2N.co.NH2 + H2O. 

r, ■ ‘ Urea • •• 

Abel and Muibhead ^ have later observed an abundant elimination of 
carbamic acid in human and dog^s urine after the administration of large 
quantities of milk of lime, and the probability of the regular appearance of 
this acid in normal acid-reacting human and dog^s urine has been demon- 
strated by M, Nencki and Hahn.^ These last-mentioned investigators 
have also given very important support to the theory of the formation of 
urea from ammonium carbamate by observations on dogs with Eck’s 
fistula. In this case the portal vein is directly connected with the inferior 
vena cava, and communication is thus established between the two, so that 
the blood of the portal vein flow^s directly into the vena cava, without 
passing through the liver. Nencki and Hahn observed violent symptoms 
of poisoning in dogs fed on meat and operated upon by Pa'wlow and 
Massen, and these symptoms were quite identical with those obtained on 
introducing carbamate into the blood.^ These symptoms also appear 
after the introduction of carbamate into the stomach, while the introduc- 
tion of carbamate into the stomach of a normal dog had no action. As 
these observers also found that the urine of the dog on which the operation 
was made was richer in carbamate than that of the normal dog, they con- 
cluded that the symptoms were due to the non-transformation of the 
ammonium carbamate into urea in the liver, and they consider the ammo- 


^ Drechseb Ber, d. sachs, Geseilsch. d. Wissensch,, 1875. See also Jonrn. f. prakt. 
Cliem. (N. F.), 12^ Kb and 22; Abel, Arch. f. (Anat. u.) Physiol., 1891; Abel and 
Muirhead, Arch. f. exp. Path, u. Pharin ,31. 

^ Hahn/Massen, Nencki et Pawlow,La fistuie d'Eck de la veine cave mf(§rieure at 
de la veine porte, etc. Arch, des sciences biol. de St. P^tersbourg, 1, No. 4, .1892. 

^ Rothberger and Winteiberg, :Zeitschr t exp. Path. u.Therap., I, have found I hat 
the phenomena of meat -poisoning and the carbamic-acid intoxication are not identical. 
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nitim carbamate as the substance from which : the urea "is derived ' iH' the 
mammaliaii liver. 

The view as to the formation of urea from ammonium carbamate does 
not contradict the above statement as to the transformation of the carbonate 
into urea, since we can imagine that the carbonate is first converted into 
carbamate with the expulsion of a molecule of water, and that this then is 
transformed into urea with the expulsion of a second molecule of water. 

F. Hofmeister 1 has found in the oxidation of different members of the 
fat series, as well as in amino-acids and proteins, that urea was formed 
in the presence of ammonia, and he therefore suggests the possibility that 
urea may be formed by an oxidation-synthesis. According to him, in the 
oxidation of nitrogenous substances a radical CONH2, containing the 
amide group, unites at the moment of formation with the radical NII2 
remaining on the oxidation of ammonia, forming urea. 

Besides the above-mentioned theories as to the formation of urea, there 
are others which will not be given, because the only theory which has thus 
far been positively demonstrated is the formation of urea from ammonium 
compounds and amino-acids in the liver. 

The liver is the only organ inw^hich, up to the present time, a formation 
of urea has been directly detected ? and the question arises, w^hat importance 
has tills urea formation -which takes place in the liver? Is the urea wholly 
or chie% formed in the liver 

If the liver is the only organ capable of forming urea, it is to be expected, 
on the extirpation or atrophy of that organ, that a reduced or, in short experi- 
ments, at least a strongly diminished elimination of urea should occur. As 
at least a part bf the urea is formed in the liver from ammonium com- 
pounds, a simultaneous increase in the elimination of ammonia is to be 
expected./;'.: ■" ' ..■/■/''■■'■/' ■/■''■ '■■■/'"■/;■ /V.:/-:/' 

The extirpation and atrophy experiments made on animals by different, 
methods by Nencki and Hahn, Slosse, Lieblein, Nencki and Pawlow^ 
Salasivin and Zaleski have shown that sometimes a rather marked in- 
crease of ammonia and a diminished elimination of urea takes place after 
the operation, but also that there are cases in -which, irrespective of the 
pronounced atrophy, an abundant formation of urea occurs, and no appre- 


^ Arch. f. exp. Path, u, Pharm., 37. 

’ In regard to the investigations of Frevosfc and Duma.s, Meissner, Volt, Gr^hant, 
Gscheidlen and Salkowski, and others, on the role of the kidneys in the formation of 
..umi, see V. .Schroeder, Arch, f- exp. Path...n.. Phann .,,.,15 and, 10, and. 

^ Nencki and Hahn, I. c.;, Slosse, Arch. f.,(Anat-. u.) Physiol, 1890; Lieblein, Arch/: 
f. exp. Path. u. Pharm.. 33; - Nencki' and.Pawlow, Arch, des scienc. bioL de St. IY*ters- - 
bourg, 5. See also v. Meister, Maly's' Jahresbr., 25; Salaskin and, Zaleski, ;'Zeitschr. i : 
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ciable, if Q^ny, change in the j^roportion' of . ammonia to the ' total m 
and urea is observed. After shutting out the organs of the posterior part 
of the body, especially the liver and kidneys, from the circulation, Kauf- 
MANN ^ also found an important increase in the urea of the blood, and these 
different observations show that the liver is not the only organ, in the 
various animals experimented upon, in which urea is formed. 

The observations made by numerous investigators^ on human beings 
with cirrhosis of the liver, acute yellow atrophy of the liver, and phosphorus 
poisoning have led to the same result. These investigations teach that in 
certain cases the proportion of the nitrogenous substances may be so 
changed that urea is only 50-60 per cent of the total nitrogen, wdiile in other 
cases, on the contraiy, even in ver}^ extensive atrophy of the liver-cells, 
the formation of urea is not diminished, neither is the proportion between 
the total nitrogen, urea, and ammonia essentially changed. Even in the 
cases in which the formation of urea was relatively diminished and the 
elimination of ammonia considerably increased further investigation must 
be instituted before it will be possible to assume a reduced ability of the 
organism to produce urea. An increased elimination of ammonia inay, as 
shown by Munzeh in the case of acute phosphorus poisoning, be dependent 
upon the formation of abnormally large ‘quantities of acids, caused by ab** 
normal metabolism, and these acids require a greater quantity of ammonia 
for their neutralization according to the law of elimination of ammonia, 
which will be given later. That an abnormal formation of acid occurs 
after the cutting out of the liver has been especially shown by Salaskin and 

For the present we are not justified in the statement that the liver is 
the only organ in which urea is formed, and only continued investigation 
can yield further information as to the extent and importance of the forma- 
tion of urea in the liver from ammonium compounds. 

Properties and Reactions oj Urea, Urea crystallizes in needles or in 
long, colorless, four-sided, often hollow, anhydrous rhombic prisms. It has 
a neutral reaction, and produces a cooling sensation on the tongue like salt- 
peter. It melts at 132® 0. At ordinar}^ temperatures it dissolves in an equal 
weight of water and in five parts alcohol; it requires one part boiling alcohol 
for solution; it is insoluble in alcohol-free anliydrous ether, ancf also in 
chloroform. If urea in substance is heated in a test-tube, it melts, decom- 

^ Compt. read. soo. bioL, 46, and Arch, de Physiol (5), 6. 

2 See H:aIiervorden,Arch. f.exp.Path.a. Pharm., 12; Weintraad, 31; Miinxer 
and Winterherg, ibid., 33; Stadelmann, Deutsch. Arch. f. Idin, Med., 33; Ihwit^ki, 
ibid^U; Uun.zeT,ibid.,&2; Frankel, Berlin, klin. Wochenschr., 1878; Richter, 

1896; M5rner and Sjoqvist, ,Skand. Arch. f. Physiol, 2, and Sjoqvist., N“ord' Med! 
Arldv, 1892; Giimlich, Mtschr./f. physiol. Chera., 17; v, Noorden, Lehrb. d. Pathol! 
des Stoffwechsels, 2. Anfl,, Bd. 1, 104.- V' 

. ^Zeitschr. f. physioL Chem.^. 20., ' ■ ■ ^ 


PROPERTIES OF UREA. 


555, 


poses, gives off ammonia, and leaves finally a non-transpareiit white residue 
which, among other substances, contains cyanuric acid and biuret, which 
latter dissolves in water, giving a beautiful reddish- violet liquid with copper 
sulphate and alkali (5 reaction). On heating with baryta-water or 
caustic alkali, also in the so-called alkaline fermentation of urine caused by 
micro-organisms, urea splits into carboii dioxide and ammonia with the 
addition of water. The same decomposition products are produced when 
urea is heated with concentrated sulphuric acid. An alkaline solution of 
sodium hypobromite decomposes urea into nitrogen, carbon dioxide, and 
■water according to the equation 

CON2H4 + 3 NaOBr = 3 NaBr 4 - CO2 + 2H2O -f Ng. 

With a concentrated solution of furfurol and hydrochloric acid urea 
in substance gives a coloration passing from yellow, green, blue, to violet, 
and then beautiful purple-violet after a few minutes (Schiff's reaction). 
According to Huppeet ^ the test is best performed by taking 2 c.c. of a 
concentrated furfurol solution, 4-6 drops of concentrated hydrochloric acid, 
and adding to this mixture, which must not be red, a small crystal of urea. 
A deep violet coloration appears in a few minutes. 

Urea forms crystalline compounds with many acids. Among these the 
one with nitric acid and the one with oxalic acid are the most important. 

Ueea Nitrate, C0(NH2)2*HN03. On crystallizing quickly this com- 
pound forms thin rhombic or six-sided overlapping tiles, or colorless 
plates, with an angle of 82*^. When crystallizing slowly, larger and 
thicker rhombic pillars or plates are obtained. This compound is rather 
easily soluble in pure -water, but is considei'ably less soluble in water con- 
taining nitric acid; it may be obtained by treating a concentrated solution 
of urea with an excess of strong nitric acid free from nitrous acid. On 
heating this compound it volatilizes without leaving a residue. 

This compound may be employed with advantage in detecting small amounts 
of urea. A drop of the concentrated solution is placed on a microscope-slide and 
the cover-glass placed upon it; a drop of nitric acid is then placed on the side 
of the cover “glass and allowed to flow under. The formation of crystals begins 
where the solution and the nitric acid meet. Alkali nitrates may crystallize 
very similarly to urea nitrate w^hen they are contaminated with other" bodies: 
therefore, in testing for urea, the crystals must be identified as urea nitrate by 
heating and by other means. 

Urea Oxalate, 2.C0(NH2)2*H2C204, This compound is more spar- 
ingly solul)le in wmter than the nitric-acid compound. It is obtained in 
ifiombic or six-sided prisms or plates on adding a saturated oxalic-acid 

solution to a concentrated 
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Urea also forms combinations with mercuric nitrate in variable propor- 
tions. If a very faintty acid mercuric-nitrate solution is added to a 2 per 
cent solution of urea and the mixture carefully neutralized^ a compound is 
obtained of a constant composition which contains for every 10 parts of 
urea 72 parts of mercuric oxide. This compound serves as the basis of 
Liebig's titration method. Urea combines also with saitSj forming mostly 
cry stallizable combinations, as, for instance, with sodium chloride, with 
the chlorides of the heavy metals, etc. An alkaline but not a neutral 
solution of urea is precipitated with mercuric chloride. 

If urea is dissolved in dilute hydrochloric acid and then an excess of formal- 
dehyde is added, a thick, white, granular precipitate is obtained which is difficultly 
soluble and whose composition is somewhat disputed.^ With phenylhydrazine, 
urea in strong acetic acid gives a colorless crystalline compound of phenyl- 
semicarbazid, CcHsNH.NH.CONHa, which is soluble with difficulty in cold water 
and melts at 172° C. (Jaffe ®). 

The method of preparing urea from urine is in the main as follows : Con- 
centrate the urine, which has been faintly acidified with sulphuric acid, at a 
low temperature, add an excess of nitric acid; at the same time keeping the 
mixture cool, press the precipitate well, decompose it in vrater with freshly 
precipitated barium carbonate, dry on the water-bath, extract the residue 
with strong alcohol, decolorize when necessary with animal charcoal, and 
filter while warm. The urea which crystallizes on cooling is purified by 
recrystallization from warm alcohol. A further quantity of urea may be 
obtained from the mother-liquor by concentration. The urea is purified 
from contaminating mineral bodies by redissolving in alcohol-ether. If it 
is only necessary to detect the presence of urea in urine, it is sufficient to 
concentrate a little of the urine on a watch-glass and, after cooling, treat it 
with an excess of nitric acid. In this way w^e obtain crystals of urea nitrate. 

Quantitative Estimation of the Total Nitrogen and Urea in Urine. Among 
the various methods proposed for the estimation of the total nitrogen, that 
suggested by Kjeldahl is to be recommended- But as Liebig's method 
for the estimation of urea is really a method for determining the total 
nitrogen, and as the physician has not always at hand the apparatus and 
utensils necessary for a Kjeldahl determination, he often makes use of 
this method; hence both will be given in detail. 

Kjeldahl 's method consists in transforming all the nitrogen of the 
organic substances into ammonia by heating with a sufficiently concentrated 
sulphuric acid. The ammonia is distilled off after supersaturating with 
alkali and the ammonia collected in standard sulphuric acid. The follow- 
ing reagents are necessary: 

1. Sulphuric Acid. Either a mixture of equal volumes of pure concen- 
tred and fuming sulphuric acid or else a solution of 200 grams phosphoric 

^See Tollens and his pupils,' Ber. d. 'deutseh.'chem. Oesellsch., 29, 2751; Gold- 
schmidt, ihid., 29, and ChemJ Centralbl, 1897, 1, 33; Thoms, ibid., 2, 144 and 737. 

^Zeksehr. f, physiol Chem., 22. 
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anhydride in 1 liter of pure concentrated sulphuric acid. 2. Caustic soda free 
from nitrates, 30-40 per cent solution- The quantity of this ctostic-soda 
solution necessar}^ to neutralize 10 c.c. of the acid mixture must be deter- 
mined. 3. Metallic mercury or pure yellow mercuric oxide. (The addition of 
this facilitates the destmction of the organic substances.) 4. A potassium- 
sulphide solution of 4 per cent, whose object is to decompose any mercuric 
amide combination which might not evolve its ammonia complete!}?' during 
the distillation with caustic soda. 5. N/5 sulphuric acid and N/5 caustic- 
soda solution. 

In performing the determination 5 c.c. of the carefully measured and 
filtered urine is placed in a long-neck Kjeld.vhl flask, a drop of mercuiy or 
about 0.3 gram of mercuric oxide added, and then treated with 10-15 c.c. 
of the strong sulphuric acid. The contents are heated very carefully, 
placing the flask at an angle, until they just begin to boil gently ; this is 
continued for about half an hour after the mixture becomes colorless. On 
cooling the contents are transferred to a voluminous distilling-flask, care- 
fully washing the Kjeldahl flask with water, and the greater part of the acid 
is neutralized by caustic soda. A few zinc shavings are added to prevent 
too rapid ebullition on distillation, and then an excess of caustic-soda solu- 
tion w^hich has pre\n.ously been treated with 30-40 c.c. of the potassium- 
sulphide solution. The flask is quickly connected with the condenser-tube 
and all the ammonia distilled off. In order to prevent loss of ammonia it is 
best to low^er the end of the exit-tube belowr the surface of the acid, and the 
regurgitation of the acid is prevented by having a bulb blowm on the exit- 
tube. Not less than 25-30 c.c. of the standard acid is used for every 5 c.c. 
of urine, and on completion of the distillation the acid is retitrated with 
N/5 caustic soda, using rosolic acid, tincture of cochineal, or lacmoid 
as indicator. Each cubic centimeter of the acid corresponds to 2.8 
milligrams nitrogen. As a control and in order to test the purity of the 
reagents, or to eliminate any error caused by an accidental quantity of 
ammonia in the air, w-e always make a blanlc determination with the 
reagents. 

Liebic/s method is based upon the fact that a dilute solution of mer- 
curic nitrate under proper conditions precipitates all the urea from its 
solution, forming a compound of constant composition. As indicator, a 
soda solution or a thin paste of sodium bicarbonate is used. An excess of 
mercuric nitrate produces herewith a yellow^ or yellowivsh-brown compound, 
while the compound of urea and mercury is white. Pflugek ^ has given 
full particulars for this method; therefore w^e will describe Pplugee^s 
:ihodificatibn':bf^limBi#B;:ihe|hbd^^^^ 


^ Pfluger,and Pfiiiger and Bohknd, in PfitigePs 
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As phosphoric acid is also precipitated by the mercuric-nitrate solution, this 
must be removed from the urine by the addition of a baryta solution before titra- 
tion. Pfluger also suggested that the acidity produced by the mercury soiution 
be neutralized during titration by the addition of a soda solution. The liquids 
necessary for the titration are the following: 

1. Mercuric- 7 iitrate Solution, This solution is calculated for a 2 per cra^t urea 
solution, and 20 e.c. of the first should correspond to 10 c.e. of the latter. Eac'h 
cubic centimeter of the mercury solution corresponds to 0.01 grain ui'oa. As a 
small excess of HgO is necessary in the urine to cause the final reaction (wirli, 
alkali carbonate or bicarbonate) to appear, each cubic centimeter of the VAOwniy 
solution must contain 0.0772 instead of 0.0720 gram HgO. The mercury solution 
contains therefore 77.2 grams HgO in 1 liter. 

The solution may be prepared from pure mercury or mercuric oxide by dis- 
solving in nitric acid. The solution, freed as completely as possible from an 
excess of acid, is diluted by the careful addition of water, stirring meanwhile, 
until it has a specific gravity of 1.10, or a little higher, at 20‘^C. The solution 
is standardized with a 2 per cent solution of pure urea which has been dried over 
sulphuric acid and the operation conducted as will be described later. If the 
solution is too concentrated, it is corrected by carefully adding the necessary 
amount of water, avoiding the precipitation of the basic salt, and titrating agaiu. 
The solution is correct if 19.8 c.c. of it, added at once to 10 c.e of the urea solution 
and the quantity (11-12 c.c. or more) of normal soda solution necessary to nearly 
completely neutralize the liquid, gives the final reaction when exactly 20 c.c. of 
the mercury solution has been employed. 

2. Baryta SoluHon, This consists of 1 voL of barium nitrate and 2 vols. of 
barium-hydrate solution, both saturated at the ordinary temperature. 

3. Normal Soda Solution, This solution contains 53 grams of pure aniwdrous 
sodium carbonate in 1 liter of water. According to Pfluger a solution having 
a specific gravity of 1.053 is sufficient. The amount of this soda solution neces- 
sary to completely neutralize the acid set free during the titration is determined 
by titrating with a pure 2 per cent urea solution. To facilitate operations a table 
can be made showing the quantity of soda solution necessary when from 10 to 
35 c.c. of the mercury solution is used. 

Before the titration the following must be considered. The chlorides of 
the urine interfere with the titration in that a part of the mercuric nitrate 
is transformed into mercuric chloride, which does not precipitate the urea. 
The chlorides of the urine are therefore removed by a silver-nitrate solu- 
tion, which also removes any bromine or iodine compounds which may 
exist in the urine. If the urine contains proteid in noticeable amounts, it 
must be removed by coagulation and the addition of acetic acid , but care 
must be taken that the concentration and the volume of the urine are not 
changed during these operations. If the urine contains ammonium car- 
bonate in noticeable quantities, caused by alkaline fermentation, this titra- 
tion method cannot be applied. The same is true of urine containing 
leucine, tyrosine, or medicinal preparations precipitated by mercuric 
nitrate. 

In cases where the urine is free from proteid er sugar and not specially 
poor in chlorides, the quantity of urea, and also the approximate quantity 
of mercuric nitrate necessary for the titration, may be learned from the 
specific gravity, ^ '-A specific grayity corresponds to about 10 p. m., ^ 
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■a specific gravity of I»015 generally somewhat less than 15 p. m., . and a 
specific gravity of 1.015-1.020 about 15-20 p. m. nrea. With a specific 
gravity higher than 1.020 the urine generally contains more than 20 p. m. 
of urea, and above this point the amount of urea increases much more 
rapidly than the specific gravity, so that with a specific gravity of 1.030 it 
contains over 40 p. m. urea. ' Fever-urines with a specific gravity above 
1.020 sometimes contain 30-40 p. m. urea, or even more. 

Preparation for the Titration. If a large amount of urea is sus- 
pected from a high specific gravity, the urine must first be diluted with a 
carefully measured quantity of water, so that the amount of urea is re- 
duced below 30 p. m. In a special portion of the same urine the amount of 
chlorides is determined by one of the methods which will be given later, and 
the number of cubic centimeters of silver-nitrate solution necessary is 
noted. Then a larger quantity of urine, sa}^ 100 e.c., is mixed with one- 
half or, if this is not sufficient to precipitate all the sulphuric and phos- 
phoric acids, with an equal volume of the baryta solution ; it is then allowed 
to stand a little while, and the precipitate is filtered through a dried filter. 
From the filtrate containing the urine diluted with water a proper quan- 
tity, corresponding to about 60 c.c. of the original urine, is measured, and 
exactly neutralized with nitric acid added from a burette, so that the exact 
quantity employed is known. The neutralized mixture of urine and bar5^ta' 
is treated with the proper quantity of silver-nitrate solution necessary to 
completely precipitate the chlorides, which were ascertained by a previous 
determination. The mixture, containing a known volume of urine, is now 
filtered through a dried filter into a flask, and from the filtrate an amount 
is measured off coiTesponding to 10 c.c. of the original urine. 

Execution of the Titration. Nearly the whole quantity of the mer- 
curic-nitrate solution, which is judged from the specific gravity of the urine 
to be the minimum amount required, is added at once, and immediately 
afterwards the quantity of soda solution necessary, as indicated by the 
table. If the mixture becomes yellowish in color, then too much mercury 
solution has been added and another determination must be made. If the 
test remains vliite, and if a drop taken out and placed on a glass plate 
with a dark background and stirred with a drop of a thin paste of sodium 
bicarbonate does not give a yellow color, the addition of mercury solution is 
continued by adding repeatedly at first I and later tV c.c., and testing 
after each addition in the following "way: A drop of the mixture is placed 
on a glass plate with a dark background beside a small drop of the bicar- 
bonate paste. If the color after stirring the two drops together is still 
white after a few seconds, then' 'more mercury solution must be added; if, 
on the coBtrar}^ it is yellowish,.' then— if not too much mercury solution ’ 
has been added by inattention— the result to A c*c.,has been' found.- ,By • 
this approximate determination which is sufficient ip. many;, we/haven 
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fixed the mimmura amount of mercury solution necessaiy to add to 
the quantity of urine in question, and we now proceed to the final deter- 
mination. 

A second quantity of the filtrate, corresponding to 10 c.c. of the 
original urine, is filtered, and the same quantity of mercury solution 
added at one time as was found necessary to produce the final reaction, 
and immediately after the corresponding amount of soda solution, which 
must hot indicate the end of the reaction. Then continue adding the 
mercury solution tV c.c. at a time without neutralizing with soda, until 
a drop taken out and mixed with the soda solution gives a yellow color- 
ation. If this final reaction is obtained after the addition of 0.1-0.2 c.c., 
then the titration may be considered as finished. If, on the contrary, a 
larger quantity is necessary, the addition of the mercur}^ solution must 
be continued until a final reaction is obtained with simple carbonate, and 
the titration repeated again, adding the quantity of mercury solution used 
in the previous test at one time, and also adding the corresponding amount 
of soda solution. If then the end reaction is obtained by the addition of 

C.C., the titration may be considered as finished. 

If in each titration a quantity of filtrate containing urine and barjda 
corresponding to 10 c.c. of the original urine is used, then the calculations 
are very simple, since 1 c.c. of mercuric-nitrate solution corresponds to 
0.01 gram of urea. As the mercury solution is made for a 2 per cent urea 
solution, and as the filtrate of urine and barjda generally contains less 
urea (if the quantity of urea is above 2 per cent, it is easy to avoid any mis- 
take by diluting the urine at the beginning of the operation), a mistake 
occurs here which can be corrected in the following way, according to 
Pflugee: To the measured volume of the filtrate from the urine (the 
filtrate with baryta after neutralization with nitric acid, precipitation with 
silver nitrate and filtration) the quantity of normal soda solution empIo3red 
is added, and from this sum the volume of mercury solution used is sub- 
tracted. The remainder is then multiplied by 0.08, and the product sub- 
tracted from the number of cubic centimeters of mercury solution used. 
For example, if the filtrate (urine and baryta + nitric acid + silver nitrate) 
measured 25.8 c.c., and the number of cubic centimeters of soda solution 
used in the titration was 13.8 c.c., and of the mercury solution 20.5 c.c., we 
have then 20.5— [(39.6 — 20.5)X0.08]=20.5— 1.53= 18.97, and the corrected 
quantity of mercury solution is therefore 18.97 c.c. If the cubic centi- 
meters of the filtrate (in this case 25.8 c.c.) correspond to 10 c.c. of the 
original urine, then the amount of urea is 18.97X 0.01=0.1897= 18.97 p, m. 

Besides the urea other nitrogenous constituents of the urine are precipi- 
tated by the mercury solution. In the titration we really do not obtain 
the quantity of urea, but, as Pflxtgbb has shown, the total quantity of 
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nitrogen in the urine expressed as urea. As urea contains 46.67 per cent 
N, the total quantity of nitrogen in the urine may be calculated from the 
quantity of urea found. The results obtained by this calculation corre- 
spond well, according to Pfluger, with the results found for the total 
nitrogen as determined by Kjeldahl^s method. 

Glassmann^ has recently suggested a modification of the Liebig- 
Pfluger titration method which consists in precipitating the urea with 
an excess of mercuric-nitrate solution and then determining the excess 
of mercuric nitrate in the filtrate by means of ammonium sulphocyanide. 

Among the methods suggested for the special estimation of urea, that of 
Morner-Sjoqvist, in combination with Folin^s method, is perhaps the 
most trustw^orthy and readily performed. For this reason only this method 
will be given in detail, while we must refer to special wmrks for the other 
methods, such as Bunsen’s method with its modifications as sug- 

gested by Pfluger, Bohland and Bleibtreu.^ 

Principle of Morner-Sfdqvist^s Method According to this method the 
nitrogenous constituents of the urine, with the exception of urea, ammonia, 
hippuric acid, creatinine, and traces of allantoin, are precipitated by a mix- 
ture of alcohol and ether after the addition of a solution of baiiun chloride 
and barium hydrate or in the presence of sugar with solid barium hydrate. 
The urea is determined in the concentrated filtrate, after driving off the 
ammonia, by Kjeldahl’s nitrogen estimation. Because of the slight error 
due to the presence of hippuric acid and creatinine, several modifications 
have been suggested by Salaskin and Zaleski and by Braunstein.^ 
These errors are best prevented, according to ]\Iorner, by the use of 
Folin’s method. 

Principle of Folin^s Method,^ On heating urea with hydrochloric acid 
and crystalline magnesium chloride, which melts in its w^ater of crystalliza- 
tion at 112-115® C. and then boils at about 150-155® C., the urea is com- 
pletely decomposed, while no appreciable decomposition of the hippuric 
acid and creatinine takes place. The ammonia produced from the urea is 
distilled off and determined by titration. The amount of ammonia pre- 
viously existing in ‘the urine must be specially determined. 

Determination of Urea by the Mdrner-Sfdqvut and Folin Method,^ Five 
e.e. of the urine are treated with 1.5 grams of powdered barium hydroxide, 
and wlien as much of this is dissolved as possible by gently mixing, it is 

^Ber. d. d. chcm. Gesellseh., S9. 

®Skand. Arch. f. Physiol. , 2, and Mdimr, ibid, ^ 14, where the recent literature 

* Braunstein, Zeitschr. f. physiol. Chem., 81; Salaskin and Zaleski, 28. _ 

®See Morner, Skand. Arch. f. Physiol., 14, 
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precipitated by 100 c.c. of the alcohol and ether mixture (I- voL ctlier). On 
the following day it is filtered and the precipitate washed witii the alcohol 
and ether mixture. The alcohol and ether are distilled off from the filtrate 
at about 55° C. (not above 60° C.). The remaining liquid is treated with 
2' c.c. of hydrochloric acid of sp. gr. 1.124 (for 5 c.c. urine),, and carefully 
transferred to a flask of 20Q c.c. capacity, and evaporated to dryness on 
the water-bath. Then add 20 grams of cr>^stalline magnesiuni eliloride to 
the contents of the flask and 2 c.c. of concentrated hydrochloric acid, and 
boil on a wire gauze over a small flame for two hours, making use of a ])roper 
return cooler. After cooling it is diluted to about J to 1 liter with water, the 
ammonia completely distilled off after making it alkaline with caustic soda, 
and the ammonia collected in standard acid. After boiling in order to drive 
off the CO 2 and cooling, the acid is retitrated. Corrections must be made for 
the ammonia of the urine and for that contained in the magnesium chloride. 

If a special determination of the preformed ammonia has been made, 
then a direct treatment of the urine according to Folin (nevertheless after 
the evaporation of the urine with hydrochloric acid) gives good results. 
In the presence of sugar the treatment of the urine with barium hydroxide 
is absolutely necessaiy according to IMorner, otherwise the humin sub- 
stances produced from the sugar take up and retain nitrogen. 

KnoP“Hufner^s method ^ is based on the fact that urea, by the action of 
sodium hypobromite, splits into water, carbon dioxide (which dissolves in the 
alkali), and nitrogen, whose volume is measured (see page 555). This method 
is less accurate than the preceding ones, and therefore in scientific work it is 
discarded. It is of value to the physician and for practical purposes, because 
of the ease and rapidity with which it may be performed, even 'though it may 
not give very accurate results. For practical purposes a number of different 
apparatuses have been constructed to facilitate the use of this method. 

For the quantitative estimation of urea in blood or other animtil fluids, 
as well as in the tissues, Schondorff has proposed a method where the 
proteins and extractives are first precipitated by a mixture of phospho- 
timgstic acid and hydrochloric acid, and then the filtrate made alkaline 
with lime. The quantity of ammonia formed on heating a part of this 
filtrate to 150° G. with phosphoric acid and the amount of carbon diox- 
ide produced by heating the other part to 150° C. are determined. In 
regard to the principles of this method, as well as to the details, we refer 
to the original article (Pfluger/s Arch., 62 ). See also Hoppe-Seyler- 
Thierfrlder’s Handbuch, 7. Aufl. 

XJrein is the name given by Ovin Moor to a product which he obtained by 
extracting urine, which had been evaporated to a syrup, with absolute aleoliol 
and precipitating the urea with alcohol containing oxalic aci<i, or by cooling and 
treatment with alcohol. Urein is a golden-yellow oil which is poisonous; it 
reduces permanganate in the cold, and it forms the chief portion of the iiitro- 
genous extractives of urine. There is no doubt but that urein is a nnxture of sub- 
stances. According to Moor,^ the amount of urea in the urine is only about 

'‘Knop, ZeitschrYf. analyt. Chem., 9; Hufner, Journ. f. prakt, Chem. (N. F.), ;l. 
In regard to the extensive literature, see Huppert-Neubauer, 10. Aufl., 304, and folloxv- 

Moor, Bull Acad. deBt. P^tersboufg, 14 (also Malyhs Jahresber., SI, 415), 
md Zeifsehr. f. Biologic, 44 and 45, and .^eitschhf, 'physiol, Chem.* 4§. 
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one-half that ordinarily given, and he has suggested a new method for the deter- 
mination of the true quantity of urea. The possibility that in the urine we have 
other bodies besides urea which have been determined with the urea cannot 
be denied a priori.^ From the investigations published so far it must be said 
that Moon’s assertions are not sufficiently grounded^ 

"NTTr 

Carbamic Acid, CHaN02 =CO This acid is not known in the free state, 

but only as salts. Ammonium carbamate is produced by the action of dry ammo- 
nia on dry carbon dioxide. Carbamic acid is also produced by the action of 
potassium permanganate on protein and several other nitrogenous organic bodies. 

The occcurrence of carbamic acid in human and animal urines has already 
been considered in connection mth the formation of urea. The calcium salt, 
which is soluble in water and ammonia but insoluble in alcohol, is the most 
important in the detection of this acid. The solution of the calcium salt in water 
becomes cloudy on standing, but much more quickly on boiling, and calcium car- 
bonate separates. Nolf, Macleod and Haskins have made experiments as to the 
method of formation of carbamic acid. The latter have indicated a new method 
for the quantitative estimation of carbamates. 2 

Carbamdc-acid. ethylester (urethane), as shown by Jaffb,^ may pass, by the 
mutual action of alcohol and urea, into the alcoholic extract of urine when one 
is W'orking with large quantities. 

NH^ CO 

Creatinine, G 4 H 7 N 3 O, or NH : G<^ I , is generally considered as 

\N(CH3).CH2 

the anhydride of creatine (see page 455) found in the muscles. It occurs 
in human urine and in that of certain mammalia. It has also been found 
in ox-blood, milk, though in very small amounts, and in the flesh of certain 
fishes. 

.Johnson’s statement that the creatinine of the urine is different from that 
produced by the action of acids on creatine is incorrect according to Toppelius and 
POMMEREHNE, WOERNER and ThELEN.^ 

The quantity of creatinine in human urine is, in a grown man voiding a 
normal quantity of urine in the course of a day, 0 . 6 - 1 .3 grams (Neubauer), 
or on an average 1 gram. Johnson ^ found 1. 7-2.1 grams per day, and 
similar results have been obtained by Hoogenhuyze and Yerploegh.^ 
The quantity of creatinine with a diet free from meat is, according to 
Folin,'^ somewdiat variable for different individuals, but is constant for 

^See Kiibiabko, Maly’s Jahresber., ,^1, 415; Erben, Zeitschr. f. physiol. Chem. 
SS; Folin, ibid., Z7; Gies, Joiirn. Amer. Chem, Boc., 25; Haskins, Amer. Joiirn. of 
PhysioL, 12; Lippich, Zeitschr. f. physiol. Chem., 48. 

^ Nolf, Zeitschr. f. physiol. Chem., 23; Macleod and Haskins, Amer. Journ. of 

Zeitschr. f. physiol. Chem., 14. , , , ' 

^S. Johnson, IVocecd. Roy. Boc., 42, 43; Chem. Nows, 55; Toppelius and Pom- 
inerehne, Arch, f. Pham., 234; Woemer, Arch. f.,(Anat. u.') Physiol, 1898. - . . , , \ ' 

® Huppert-Neubauer, Harnanalyse, 10. Aufl., 387. : 

^ Amer. Journ. of Physiol. 13; ai. Riercker, HofmeistePs Bertr^^S, 
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the same person. He found the quantity never below 1 gram and often 
between 1.3 and 1.7 grams. Nurslings also eliminate creatinine, although 
the quantity is only small (Hoogenhuyze and Verploecjh). The quantity 
of creatinine is dependent upon the food in so far as it is increaseii l)y meat 
diet, but othenvise, according to Folin, it is not dependent upon tlie food. 
The creatinine is, according to him, the product of the endogenous metabo- 
lism of the cells, and its quantity does not depend, as was also shown later 
by Klercker, upon the quantity of protein food introduced and catabo- 
lized. The elimination of creatinine, therefore, does not run parallel with 
the elimination of urea and is not correspondingly greater with food very 
rich ill protein than with food very poor in protein. 

The statements as to the behavior of the creatinine elimination with 
work are very contradictory Hoogenhuyze and Verploeuh, who made 
use of- a much more trustworthy method of quantitative estimation than 
their predecessors, find that muscular activity as a rule does not cause 
any rise in the creatinine elimination, and that in man such a rise with 
work occurs only when the body is obfiged to live upon its own tissues. 
Little is known about the behavior of creatinine in diseases. In cases 
with an increase in metabolism the quantity is said to rise, while in other 
cases, as in ansemia and cachexia with reduced metabolism, the quantity 
is lessened. 

Creatinine crystallizes in colorless, shining monoclinic prisms which 
differ from creatine crystals in not becoming white with loss of water wLeii 
heated to 100® C. It dissolves in 11 parts cold water, but more easily in 
warm water. It is difficultly soluble in cold alcohol, but the statements 
in regard to its solubilities differ widely.^ It is more soluble in warm alcohol 
and nearly insoluble in ether. In alkaline solution creatinine is converted 
into creatine very easily on warming. 

Creatinine gives an easily soluble crystalline compound with hydro- 
chloric acid. A solution of creatinine acidified with mineral acids gives 
crystalline precipitates with phosphotungstic and phosphomolybdic acids 
even in very dilute solutions (1:10 000) (Keener, Hofmeibter ^). It is 
precipitated, like urea, by mercuric-nitrate solution and also by mercuric- 
chloride. On treating a dilute creatinine solution with sodium acetate and 
then with mercuric chloride a precipitate of glassy globules liaving the 
composition 4(C4H7N30.HCl.Hg0)3HgCl2 separates on standing some time 
(Johnson). Among the compounds of creatinine, that with zinc chloride, 
creatmine zinc chloride, (C4H7N30)2ZnCl2, is of special interest. Tliis com- 


^ The literature on this subject may be found in Hoogenhuy^se and Veiploegh, 1. e. 
^See Huppert-Neiibauer, 10. Aufl, -and Hoppe-Seyler-Thierfelder's Haiidbueh, 

,_^^Kerner, Pfliiger's Arch.,2;, Hpfmeister, !2eltscfhr. f. physiol Chem., 5. 
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bination is obtained when a sufficients concentrated solution of creatinine 
in alcohol is treated with a concentrated, faintly acid solution of zinc 
chloride. Free mineral acids dissolve the compound, hence they must 
not be present; this, however, may be prevented by an addition of sodium 
acetate. In the impure state, as ordinarily obtained from urine, creati- 
nine zinc chloride forms a sandy, yellowish powder wdhch under the micro- 
scope appears as fine needles forming concentric groups, mostly complete 
rosettes or yellow balls or tufts, or grouped as brushes. On slowly crys- 
tallizing or W'hen very pure, more sharpfy defined prismatic crystals are 
obtained. The compound is sparingly soluble in Avater. 

Creatinine acts as a reducing agent. Mercuric oxide is reduced to 
metallic mercury, and oxalic acid and methylguanidine (methyluramine) 
are formed. Creatinine also reduces cupric hydrate in alkaline solution, 
forming a colorless soluble compound, and only after continued boiling 
with an excess of copper salt is free subxoide of copper formed. Creatinine 
interferes with Trommer's test for sugar, partly because it has a reducing 
action and partly by retaining the copper suboxide in solution. The com- 
pound with copper suboxide is not soluble in a saturated soda solution, 
and if a little creatinine is dissolved in a cold saturated soda solution and 
then a few drops of Fehling’s reagent added a white flocculent compound 
separates after heating to 50-60° C. and then cooling (v. Maschke’s ^ 
reaction). An alkaline bismuth solution (see Sugar Tests) is not reduced 
by creatinine. 

If w^e add a few drops of a freshly prepared very dilute sodium-nitro- 
prusside solution (sp. gr. 1.003) to a dilute creatinine solution (or to the 
urine) and then a few drops of caustic soda, a ruby-red liquid is obtained 
which quickly turns yellow again (Weyl’s^ reaction). If the cold yellow 
solution is neutralized and treated with an excess of acetic acid a crystalline 
precipitate of a nitroso-compound (C 4 H 6 N 4 O 2 ) of creatinine separates on 
stirring (Kramm 3). If, on the contrary, the yellow^ solution is treated with 
an excess of acetic acid and heated, the solution becomes first green and then 
blue (SalkoW'SKI ; finally a precipitate of Prussian blue is obtained. If 
a solution of creatinine in water (or urine) is treated with a ws^teiy solution 
of picric acid and a few^ drops of a dilute caustic-soda solution, a red colora- 
tion lasting several hours occurs immediately at the ordinary temperature, 
which turns yellow^ on the addition of acid (Jaffe's ^ reaction). Acetone 
gives a more reddish-yellow color. Dextrose gives with this reagent a red 
coloration only after heating. ' . 

^ Zeitschr. f. analyfc, Ghem,, 17. , 

3 Centralbl. f. d. med. Wissensch., 1897. " , 
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Ill preparing creatinine from urine the creatinine zinc chloride is first 
prepared according to Neubatjer's ^ method. One liter or more of urine is 
treated with milk of lime until alkaline and then CaClo solution is added 
untii all the phosphoric acid is precipitated. The filtrate is evaporated to a 
syrup after faintly acidif^dng with acetic acid and this is treated while still 
warm with 97 per cent alcohol (about 200 c.c. for each liter of urine). After 
about twelve hours it is filtered and the filtrate treated first with a little 
sodium acetate and then with an acid-free zinc chloride solution of a specific 
gravity of 1.20 (about 2 c.c. for each liter of urine.) After thoimigh stir- 
ring it is allowed to stand forty-eight hours and the precipitate is collected 
on a filter and washed with alcohol The creatinine zinc chloride is dis- 
solved in hot water, l^oiled with lead oxide, filtered, the filtrate decolorized 
by animal charcoal, evaporated to dryness, and the residue extracted with 
strong alcohol (which leaves the creatinine undissolved). The alcoholic ex- 
tract is evaporated to the point of crystallization, and the crystals purified 
by reciystaliization from water. 

Creatinine may also be prepared from urine by precipitating with a 
mercuric-chloride ' solution according to either Maly's or Johnson's^ 
process. 

The best method for preparing creatinine is the following, suggested by 
Folin.^ The creatinine is first precipitated as the double picrate of creati- 
nine and potassium by means of picric acid according to Jaff^i’s method, 
and then this precipitate, while still moist, is decomposed b}^ KHCO3 and 
water. The solution, which contains the creatinine besides potassium 
carbonate and small amounts of impurities, is neutralized with sulphuric 
acid and the sulphate precijoitated by alcohol. The creatinine is now con- 
verted into the double zinc-chloride salt and this last treated with moist 
lead hydroxide. After the removal of the lead the solution contains a mix- 
ture of creatinine and creatine, which last is completely transformed into 
creatinine by heating for 48 hours with normal sulphuric acid. After exact 
neutralization with barium-hydrate solution it is concentrated to the point 
of crystallization. 

The (]na7ititative e^inmtion oj creatinine may be performed according to 
Neubauer's method for the preparation of creatinine, or more simply by 
Saltcowski's ^ modification of this method. 240 c.c. of the urine freed from 
proteid (by boiling witli acid) and from sugar (by fermentation with yeast) 
are made alkaline with milk of lime, and precipitated b}^ CaCl2 and made up 
to 300 C.C.: 250 c.c. (=200 c.c. urine) of this are measured off, neutralized 
or made only faintly acid with acetic acid and evaporated to al30ut 20 c.c., 
then thoroughly stirred with an equal volume of absolute alcohol, and 
completely transferred to a 100, c.c. flask which contains some alcohol, 
the residue in the dish ])eing washed with alcohol. On thorough shaking 
and cooling, the flask is filled up to the 100-c.c. mark with absolute alcohol 
and allowed to stand twenty -four hours. SO c.c. (=160 c.c. urine) of 
the filtrate are collected in a beaker and treated with 0.6-1 c.c. of zinc- 
chloride solution, and the covered beaker is left standing in a cool place 


^ Ann. d. Chem. ii. Pharm., 119. 

Anna!, d. Chem. u. Pharm,, 150; Johnson, Proceed. Roy. Soc.,'43, 
^ Zeitschr, f. physiol. Chem^ 41l, , . 

^Zeitschr.f. physiol Cham., '10 and 14, ' , 
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for two or three days. The precipitate is collected on a small dried and 
weighed filter, using the filtrate to wash the crystals from the beaker. 
After allowing the crystals to completely drain off, they are washed with 
a little alcohol until the filtrate gives no reaction for chlorine, and dried at 
10h° C. 100 parts of creatinine zinc chloride contain 62.44 parts of creath 
nine. As the precipitate is never quite pure, the quantity of zinc must be 
carefully determined, in exact experiments, by evaporating with nitric acid, 
heating, washing the oxide of zinc with water (to remove' aiw NaCl), drying, 
heating, and weighing. 22.4 ])arts zinc oxide correspond to 100 parts 
creatinine zinc-chloride. Instead of weighing, the nitrogen can be deter- 
mined by KjeldahlA method and the creatinine calculated from this. 

Folin has suggested a colorimetric method for determining creatinine 
vdiich is ])ased upon Jaffe's picric-acid reaction and is as follows: JO c.c. 
of the urine are treated in a graduated flask of 500 c.c. capacity with 15 c.c. 
of a 1.2 per cent solution of picric acid and 5 c.c. of a 10 per cent NaOH 
solution. After shaking and allowing to stand for 5 minutes it is diluted 
wdth water to 500 c.c. and mixed. This solution is now compared in a 
Duboscq colorimeter w-ith a normal potassium-bichromate solution. 
The latter solution has in a layer 8 mm. thick exactly the same intensity 
of color as a layer 8.1 mm. thick of a solution of 10 milligTams creatinine 
after the addition of 15 c.c. picric-acid solution and 5 c.c. NaOH solution 
and dilution to 500 c.c. The calculations are simple. For example, in 
case the urine tested in a layer 7.2 mm. thick has the same color as the 
dichromate solution in a layer 8 mm. thick, then the quantity of creatinine 

' ' ' ' 8'''1 

in 10 c.c. of the urine will be ==;^X10, or 11.25 milligrams. This method 

is not only simple, but also, according to Folin, Hoogenhuyze and Ver- 
PLOEGH, gives much more trustworthy results than Neubauer’s method. 

In regard to other methods, see the works of Kolisch and Gregor.^ 


Xanthocreatinine, C5Hio^^46^* This body, which was first prepared from meat 
extract by Gautier, has been found by Monari in dog^s urine after the injection 
of creatinine into the abdominal cavity, and in human urine after several hours 
of exhausting marching. According to Colas anti it occurs to a relatively greater 
extent in lion^s urine. Stadthagen ^ considers the xanthocreatinine" isolated 
from human urine after strenuous muscular activity as impure creatinine. 

Xanthocreatinine forms thin sulphur-yellow plates, similar to choiesterin, 
which have a bitter taste. It dissolves in cold water and in alcohol, and gives 
a crystalline compound with hydrochloric acid and a double compound with 
gold and platinum chloride. It gives a compound with zinc chloride, which 
crystallizes in fine needles. Xanthocreatinine has a poisonous action. 

Uric Acid, Ur, C5H4N4O3, 2, 6, 8»trioxypurine = OC G — ^NHn 

' ^ 




^ Kolisch, Centraibl. f. innere Med., 1895; Glregor, Zeitsclir. f. physiol Ohem., Si’ 

® Gautier, Bull, de Facad. de med. (2) and Bull, de la soc. chini. (2), 48: Monari, 
Maiy^s Jahresber., 17; Colasanti, Arch. Ital d. Biolo^e, 15, Faso, Sp'.Btadtjbagcii, ' 
Zeitsohr. f. klin. Med,, 15. ' ' ‘ ^ y,. I' 
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been prepared synthetically by Horbaczewski by fusing urea and giyeoeoli 
or by heating trichlorlactic-acid amide with an excess of urea. Behrend 
and Roos BN prepared it from isodialuric acid and urea; it is also readily 
produced from isoiiric acid on boiling with hydrochloric acid (E. Fischer 
and TtiLLNER), and finally E. Fischer and Ach ^ have prepared uric acid 
from pseudouric acid by heating with oxalic acid to 145° C. 

On strongly heating uric acid it decomposes with the foriiiation of 


tirea/ hydrocyanic acid, cyanuric acid, ami ammonia. On heating with 
concentrated hydrochloric acid in sealed tubes to 170° C. it splits into 
glycocoll, carbo 7 i dioxide, and ammonia. By the action of oxidizing agents 
splitting and oxidation take place, and either monoureides or diureides 
are produced. By oxidation with lead peroxide, carbon dioxide, oxalic 
acid, urea, and allantoin, which last is glyoxyldiureide, are produced (see 
below). By oxidation with nitric acid in the cold, urea and a monoiireide, 
the mesoxalyl urea, or alloxan, are obtained, C5H4N 403 + 0+1120— 
C4H2N2O4+ (NH2)2C0. On warming with nitric acid, alloxan 3rields 
carbon dioxide and oxalyl urea, or parabanic acid, C3H2N2O3. By the 
addition of water the parabanic acid passes into oxaluric acid, C3H4N2O4, 
traces of which are found in the urine and which easily splits into oxalic 
acid and urea. In alkaline solution uric acid may, by taking up water 
and oxygen, be transformed into a new acid, uroxanic acid, C5H8N4O6, 
which may then be changed into oxonic acid, G4H5N3O4.2 Uric acid ma3^ 
as F. and L. Sestini as well as Gerard have shown, undergo bacterial 
fermentation with the formation of urea. According to Ulpiani and 
CiNGOLANi,^ uric acid is quantitatively split hereby into urea and carbon 
dioxide, according to the equation 

C5H4N403+2H20+30-3C02+2C0(NH2)2. 

^IJr,R^acid^^pccurs_ of birds and of scaly 

amphibians, in which animals the greater part of the nitrogen of the urine 
appears in this "form.^ Uric acid occurs frequently in the urine of earniy- 
orous mammalia, but is vsometimes absent ; in urine of herbivora it is habitu- 
ally present, though oni}^ as traces; in human urine it occurs in greater 
but still small and variable amounts. ^Traces of uric acid are also found 
in seyerarorgans and tissues, as in ffie spleenTIuhgs^^^ pancmas, Iiyer* 
(especially in birds), and in the brain. It habitually occurs in the blood 
of* KifSsT"* "Traces have been found'^in human blood under normal con- 


^ Horfoacisewski, Monatshefte f. Chem., 6 and 8; Behrend and Roosen, Ber. d. d. 
chem. Gesellsch., 21; Fischer and Tiillner, Fischer and Ach, ibid., 28. 

2 See Siindwik, Zeitschr. f. physiol Chem., 20 and 41; also Behrend, Anna!, d, Chem. 
tt. Pham., 333. ' 

■/ ^ See Chem. Centralhl, 1903, where the other'- investigators are cited? and Centralfoi 
1 Physiol, ^10,1 v,: : - ' ' . . 
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ditions. Under pathological conditions it occurs to an increased extent 
in the blood, as in pneumonia and nephritis, but especially in leucaemia and 
sometimes also in arthritis. Uric acid also occurs in large quantities in 
chalk-stones/’ certain urinary calculi, and in guano. It has also been 
detected in the urine of insects and certain snails, as also in the wings (which 
it colors -white) of certain butterflies (Hopkins).^ 

The amount of uric acid eliminated with human urine is subject t;o 
considerable individual variation, but amounts on an average to 0.7 gram 
per day on a mixed diet. The ratio of uric acid to urea varies considerably 
with a mixed diet, but is on an average 1:50-1: 70. In new-born infants 
and in the first days of life the elimination of uric acid is relatively in- 
creased, and the relation between uric acid and urea has been found to 
be 1:6.42-17.1. 


We used to ascribe an increasing action upon the elimination of uric 
acid to protein food, but the investigations of Hirschfeld, Rosenfeld and 
Orgler, Siven, Burian and Schur/ and many others have j^ositiyely 
proved that a diet rich in protein does not TtsHf /n^^ the elimination 
of uric acid, but only according to the aniount of nucleins or purine bodies 
contained therein. The common statement that the elimination of uric 
acid is smaller with a vegetable diet than with an animal diet, w’hen the , 
quantity may be 2 grams o-r more per twenty-four hours, is explained by 
this? ' ~ ~ 

The statements in regard to the influence of other circumstances, as 
also of different substances, on the elimination of uric acid are rather con- 
tradictory. This is in part due to the fact that the older investigators 
used an inaccurate method (Heintz), and also that the extent of uric-acid 
elimination is dependent in the first place upon the individuality. Thus 


the statements in regard to the action of drinking-water ^ and of alkalies ^ 
are very contradictory. Certain medicines, such as quinine and atropine, 
diminish, while others, such as pilocarpine and also, as it seems, salicylic 
acid,^ increase the elimination of uric acid. 

^ Philos. Trans. Roy. Soc., 186, B, 661. i 

" See the extensive review of the literature in Wiener, “Die Harnsaure/^ in Ergeb- ^ 

nisse der Physiologie, 1, Abt. 1, 1902. 1 

^ J. Ranke, Beobachtungen und Versuche liber die Ausscheidimg der Harjisilure, 
etc. (Mimchen, 1858); Mares, CentralbL L d. med. Wissensch., 1888; Horbaczewski, i 

Wien. Sitzimgsber., 100, Abt. 3, 1891, In regard to the action of various diets the | 

reader is referred to the above-cited authors, and especially to A. Hermann, Arch. f. , i 
klin. Med., 43, and Camerer, Zeitschr. f. Biologic, 33, and Foiin, Amer. Journ. of i 

See Schondorff, Pfliiger^s Arch., 46, which contains the pertinent literatxne. ' 

® See Clar, Centralbl. f. d. med. Wissensch.; 1888; Haig, Journ. of Physiol, 8; and , 

A. Hermann, Arch. f. kiln. Med., 43, ^ ^ , ; ' , . ^ ' | 

® See Bohiand, cited from Maly's Jahresber.^ 26;’ 'Schreiber ahd ^audy, 30, ’ 
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Little is known with positiveness in regard to the elimination of uric 
acid in disease. In acute diseases with crises the eiimination of uric acid is 
increased after the crisis, while the older statements that the uric acid is 
habitually increased in fevers has been contradicted by many. The state- 
ments in regard to the eiimination of uric acid in gout and nephritis are also 
uncertain and contradictory. In leuctemia the elimination is increased 
absolutely as Aveli as relatively to the urea, and the relationship between 
the uric acid and urea (total nitrogen recalculated as urea) may be er'eri 
1 : 9, while under normal conditions, according to different investigators, 
it is 1:40 to 66 to 100 d 

Formation of Uric Acid in the Organism, Since Hokbacziwvsict first 
showed that uric acid could be produced by oxidation from the nuclein-rich 
spieen-pulp or nucleins outside of the body, he also showed that nucleins 
when introduced into the 'animal body cau^d an increase in the eliminathni 
of uric acid. These observations have been confirmed, and at the same 
time developed by the work of a great number of investigators, and we 
are sure that uric acid can be produced from purine bodies either outside 
or intide the~ animal body, arid also that food rich im^nuclems (especially 
the thymus gland) increases the eiimination of uric acid and purine bases 
(alloxuric bases ^). The original view of HoRBAC/mwski, that the nucleins 
do not directly cause an increased elimination of uric acid, but indirectly 
by causing a leucocytosis with a consequent destruction of leucocytes, has 
been nearly generally discarded. .4t present it is considered that a direct 
formation of uric acid from the nucleins takes place by the transformtition 
of the purine bases of the nucleins into uric acid. 

The uric acid, in so far as it is produced from nuclein bases, is in part 
derived from the nucleiiis of The destroyed cells bf the" body and in pari 
trdm' the nucleins^ or free purme'bases introduced with the" food . Ifc is tliere^ 
fore possible to admit with Bxjrian and Schur ^ of a double origin for the 
uric' acid as^weil” as The urinary purmes'TalTpm The 'uriher m- 

eluding the uric acid), namely, an endogenous and an exogenous origin. 
Burian and Schur attempted to determine the quantity of endogenous 
urinary purines by feeding with sufficient food, but as free as possible from 
purine bodies, and they found that this quantity was constant for every 
individual, while it was variable for different pei'sons. The observations 
cf SiviN", Rockwood,^ and others have also led to the same results. Other 


^ In regard to the extensive literature on the elimination of uric acid in disease 
we must refer to special works on internal diseases. 

^ As it is not within the scope of this book to enter into a discussion of the numer- 
ous researches on this subject, we will refer to Wiener, Harnsaure/' Ergebnisse 
der Physiol., 1, Abt, 1, 1902,^ 

® Pfiiigeris Arch., 80, 87, and 04. ■ , 

^ Amer, Joum, of Physiol, 12. . 
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investigators, such as Schreiber and- Waldvogel, Loewi, ,, and: FoniNd 
have arrived at somewhat different results, or they draw differentde ductions 
from their observations; still this does not change the essential fact, that 
the uric acid originating from the nucleins is partly endogenous and parti}" 
exogenous, and that the amount of endogenous uric acid is only very slightly 
clependent upon the protein content of the food. 

In man and other mammalia the greatest amount if not all of the uric 
acid originates from the nucleins or their purine bases. This formation of 
uric acid seems to be of an enzymotic kind. After it was shown that certain 
organs, such as the liver and spleen, had the power of converting oxypurines 
into uric acid in the presence of oxygen (Horbaczewski, Spitzer and 
Wiener 2),' recently Schittenhelm, Burian, Jones and Partridge,^ by 
more careful investigations have shown that enzymes of different kinds 
act together. By means of the two deamidizing enzymes adenase and 
giianase the adenine And guahihe ~ are transformed into hypoxanthine 
and xanthine respectively, and from the latter by nieans of an oxidizing 
enzyme, called xanthine oxidase by Burian, the uric acid is formed. The 
deamidizing enzyhiei seenTto be Resent in most organs, yet there exists, 
in this regard, a marked difference between certain animals ; thus giianase 
occurs in the ox-spleen but not in the pig-spleen (Jones and Winterintz), 
The oxidase occurs especially in the spleen (though not in the dog spleen, 
according to Schittenhelm) and liver, but also in the muscles and lungs. 
Still, as Schittenhelm*^ has especially shown, a very marked difference 
exists in animals, and the acti\dty of the organs of various animals requires 
a very thorough investigation. 

Jones and Austrian ^ have carried on investigations on the occurrence 
in different organs of pigs, dogs, and rabbits, of enzymes taking part in the 
nuclein metaliolism. The occurrence of these enzymes in the liver is of 
special interest. In the above-mentioned animals and in the ox they found 
the following: The beef-liver contains guanase, adenase, and xanthine 
oxidase, and produces uric acid from guanine as well as from adenine. 
Guanase is absent from the pig-liver, while adenase and xanthine oxidase 
are present. In these animals the liver forms uric acid from adenine but 
not from guanine. The rabbit-liver does not contain any adenase and 
hence uric acid is formed only from guanase, while the dog-liver, on the 
contrai*}^, which contains guanase but neither adenase nor xanthine oxidase, 
cannot form uric acid from guanine nor from adenine. 

^ Schreiber and Waldvogel, Arch. f. exp. Path; u. Pharm., 42;' O. Loewi, . 

and 45; Folia, Ainer. Jonrn. of PhysioL, IS. > , 

^ Schittenhelm, Zoitschr. f. physiol, Chem., 42, 4S, 45, and 46; Bxirlan, 4S; 
Jones and Partridge, 42; Jones and Wintemitz Jones, 45. , 

^ Zeitschr, f. physiol. Chem., 46. 

^ Zeitschr. f. physiol. Chem., 48. 
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' In birds the conditions are different, v. Mach ^ has shown that in these 
animals a part of the uric acid may be formed from the purine bodies. The 
chief quantity of uric acid, however, is undoubtedly formed in birds by 
synthesis. 

The formation of uric acid in birds is increased by the administration 
of ammonium salts (v, Schrodeb), and urea acts in a similar manner in 
these animals (Meyer and Jaffe). Minkowski observed in geese with 
extirpated livers a very significant decrease in the elimination of uric*, acid, 
while the elimination of ammonia was increased to a corresponding degree. 
This indicates a participation of ammonia in the formation of uric acid in 
the organism of birds; and as Minkowski has also found after the extirpa- 
tion of the liver that considerable amounts of lactic acid occur in the urine, 
it is probable that the uric acid in birds is produced in the liver Ijy syn- 
thesis. perhaps from lactic acid and ammonia; although, as Salaskin and 
Zaleski and Lang have shown, after the extirpation of the liver primaxily 
an increase in the formation of lactic acid occurs and this causes an in- 
crease in the elimination of ammonia (neutralization ammonia). The direct 
proof for the uric-acid formation from ammonia and lactic acid in the 
liver of birds has been given by Kowalewski and Salaskin ^ by means 
of blood-transfusion experiments on geese with extirpated livers. They 
observed a relatively abundant formation of uric acid after the addition 
of ammonium lactate and a still greater formation after arginine. They not 
only consider ammonium lactate but also amino-acids as substances from 
which the uric acid can be produced in the liver by synthesis. Of these 
leucine, gly cocoll, and aspartic acid increase the elimination of uric acid in 
birds (v. Knieeiem^), but whether they are first decomposed with the 
splitting off of ammonia is still unknown. 

The possibility of a formation of uric acid from lactic acid has been 
shown in another manner by Wiener,^ namely, by feeding birds with urea 
and lactic acid and different non-nitrogenous substances, 0 x 3 ^-, keto-, and 
dibasic acids of the aliphatic series. The dibasic acids, with a chain of 3 
carbon atoms or their ureides, showed themselves most active as uric-acid 
formers, and Wiener is therefore of the opinion that the active su])Btances 
must first be converted into dibasic acids. By the attachment of a urea 
residue the corresponding iireide is produced, according to W'iener, and 
from this the uric acid is derived by the attachment of a second urea residue. 

^ Arch. f. exp Path. u. Pharm., 24. ' / 

® V. Schroder, Zeitschr. f. physiol. Chem., 2; Meyer and Jaff4, Ber. d. d. Chcm, 
Gesellsch., 10; Min.kowski, Arch. f. exp. Path. u. Pharm., 21 and SI; Salaskin and 
Zaleski, Zeitschr. f. physiol. Chem., 29; Lang, fkU, S 2 ; Kowalewski and Salaskin, 
ibid., 

® Zeitschr. f. Biologic, 19. 

Hofmeisteris Beitrage, 2 ,'- . See, also Arch, f; exp. Path. u. Pharm,, 42, and Ergeb- 
nisse dv PhysioI, 3 ^T,'Ab;t:,^ ' 
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Among the substances tested; only tartronic acid and its ureide, dialuric acid, 
have shown themselves active in the experiments with the isolated organs, and 
Wiener therefore also considers that the other acids must be first converted into 
tartronic acid by oxidation or reduction. From lactic acid, CH3.CH(OH).COOH, 
we first obtain tartronic acid, COOH.CH(OH).COOH, which by the attachment 

of a urea residue forms dialuric acid, 0 q>CHOH, and from this, by the 

attachnient of a second urea residue, uric acid is formed. 

We cannot give any positive answer as to the question whether uric acid 
is formed by synthesis also in man and other mammalia. Wiener has 
in part reported experiments which seem to indicate a synthetic uric-acid 
formation in the isolated mammalian liver, and he has also obtained an 
increase in the uric-acid elimination, although only a slight one, after feed- 
ing lactic acid and dialuric acid to man. According to Burian ^ we have 
for the present no proof of a synthetical formation of uric acid in the 
mammalian liver. Dialuric acid and tartronic acid, according to him, do 
not cause any marked uric-acid formation with extracts of the ox-liver in 
the absence of purine bases; on the contrary they accelerate the enzymotic 
oxidation of purine bases and hence, according to Burian, this explains, 
perhaps, the increase in uric-acid elimination. 

The liver seems to be the organ in birds where the synthetical formation 
of uric acid occurs, and the fact that it was possible for ^Iinkowski ^ to 
arrest the uric-acid formation by the extirpation of the liver apparently 
shows that the liver is the only organ taking part in this synthesis. If a 
synthesis of uric acid also occurs in man and other mammalia we must con- 
sider the liver as at least one of the organs taking part in the work, as 
shown by \¥iener’s investigations. The liver, spleen, and muscles are 
considered as the most important organs for the oxidative uric-acid forma- 
tion from nucleins and purine bases, but it must not be forgotten that these 
organs in various animals have a somewhat different behavior in this re- 
gard. 

Uric acid wdien introduced into the mammalian organism is, as first 
shown by Wohler and Frerichs for the dog and later substantiated by 
several experimenters,^ in great part destroyed and more or less com- 
pletely changed into urea. This does not seem to be the same for all ani- 
mals. In rabbits, according to Wiener, the uric acid is destroyed with 
the formation of gly cocoll as an intermediate step. The statements are , 
very contradictory in regard to carnivora. According to an older \iew, 
which has received support by the recent investigations of Salkowski, a 
part of the uric acid introduced into dogs is eliminated as allantoin, which : 

^ Zeitschr. L physiol. Chem., 43. ' ' 

^Wohler and Frerichs, Annal. d.'Ohem.'u. Fharm., .See also Wiener, Ergeb- ■ 
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ds' also true according ; to Mended and . Brown, for "cats. • The correctness, 
of this view is denied by Wiener, Pohl and Poduschka., but the recent 
investigations of Mendel and White ^ give further proofs of its correct- 
ness. The possibility of a uric-acid destruction in man, with allantoiii as 
an intermediary step, cannot, for the same reasons, be denied. 

The demolition of uric acid seems to be possible, according to the nu- 
merous researches of Chassevant and Richet, Asc.oli, Jacoby, Wiener, 
ScHiTTENHELM, BuRiAN, Almaoia and Pfeifper,^ in several organs, such 
as the liver, kidneys, muscle, and bone-marrow, although its behavior 
differs in various animals. 

From this power of the various organs of destroying uric acid it follows 
that the quantity of uric acid eliminated is not a. sure indication of the 
amount of the acid formed. We must admit, therefore, that a part of the 
uric acid formed in the body is destroyed in a similar manner to that intro- 
duced from without. Burian and Schur ^ have indeed suggested a factor, 
the so-called ‘integral factor/’ with which the quantity of uric acid elimi- 
nated in the twenty-four hours must be multiplied in order to find the 
quantity of uric acid formed during this time. According to them, car- 
nivora eliminate unchanged about — ^ of the uric acid introduced into 
the circulation, rabbits about and man. -I. 

Properties and Peactions of Uric Acid, Pure uric add is a white, odor- 
less, and tasteless powder consisting of very small rhombic prisms or plates. 
Impure uric acid is easily obtained as somewhat larger, colored ciystals. 

In rapid crystallization, small, thin, four-sided, apparently colorless, 
rhombic prisms are formed, which can be seen only by the aid of the micro- 
scope, and these sometimes appear as spools because of the rounding of 
their obtuse angles. The plates are sometimes six-sided, irregularly devel- 
oped; in other cases they are rectangular with partly straight and partly 
jagged sides : and in other cases they show still more irregular forms, the 
so-called dumb-bells, etc. In slow crystallization, as when the urine de- 
posits a sediment or when treated with acid, large, invariably colored crys- 
tals separate. Examined with the microscope these crystals always appear 
yellow or yellowdsh brown in color. The most common type is the wliet- 
stone shape, formed by the rounding off of the obtuse angles of the rhomlnc 


1 Wiener, Arch. f. exp. Path. u. Pharm., 40 and 42, and Ergebnisse der Physiologje, 
1, Abt. 1; Pohl, Arch, f. exp. Path. n. Pharm., 48; Poduschka, ibid,, 44; Salkowski, 
Zeitsehr. f. pliysiol. Chem., and Ber. d. d. Chem. Geselisch., i); Mendel and Brown, 
Amer. Joiirn. of Physiol., 3; Mendel and White, ibid., 12. 

^Chassevant et Bichet, Compt. rend. Soe. biolog., 49; Ascoli, PfliigcFs Arch., 72; 
Jacoby, Virchow's Arch., 1S7; Wiener^ Arch.- 1 /exp'.'Path.n. Pharm., 42, and Ceiitralbl 
t Physio!., 18; Schittenhelm, Zeitsclir.^ f.^.physiol.Chem., 43 and 45; Burian, 

43; Almagia, Hofmeister's Beitr%e, 7; Pfeiffer, 7. 
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plate. The whetstones are generally connected together^ two or more 
crossing each other. Besides these forms, rosettes of prismatic cjW'Stals, 
irregular crosses, brown-colored rough masses of broken-up crystals and 
prisms occur, as well as other forms. 

Uric acid is insoluble in alcohol and ether; it is rather easily soluble in 
boiling glycerine, but very insoluble in cold water, in 39 480 parts at 
18*^ C. (His and Paul). At this temperature, according to them, 9.5 per 
cent of the uric acid is dissociated in the saturated solution. Because of 
the reduction in the dissociation on the addition of strong acids uric acid 
is soluble with difficulty in the presence of mineral acids. It is soluble 
in a warm solution of sodium diphosphate, and in the presence of an excess 
of uric acid, monophosphate and acid urate are produced. It is ordinarily 
assumed that sodium diphosphate forms a solvent for the uric acid in the 
urine, but according to Smale the monophosphate has only a slight sol- 
vent action. According to Rudel ^ urea is an important solvent, but this 
statement has not been confirmed by the observations of His and Paul, 
Uric acid is not only dissolved by alkalies and alkali carbonates, but also by 
several organic bases, such as ethylamine and propylamine, piperidine and 
piperazine. Uric acid dissolves without decomposing in concentrated 
sulphuric acid. It is completely precipitated from the urine by picric 
acid (jAFFii^). Uric acid gives a chocolate-brown precipitate with phos- 
photimgstic acid in the presence of hydrochloric acid. 

Uric acid is dibasic and correspondingly forms two series of salts, neu- 
tral and acid. Of the alkali urates the neutral potassium and lithium salts 
are most easily soluble and the ammonium salt dissolves with difficulty. 
The acid alkali urates are very insoluble and separate as a sediment (sedi- 
vientum lateritnmi) from concentrated urine on cooling. The salts with 
alkaline earths are very insoluble. 

If a little uric acid in substance is treated on a porcelain dish with a 
few drops of nitric acid, the uric acid dissolves on ^v arming with a strong 
development of gas, and after thoroughly drying on the water-bath a 
beautiful red residue is obtained, which turns a purple-red (ammonium 
pur|uirate or murexide) on the addition of a little ammonia. If. instead of 
the ammonia, we add a little caustic soda (after cooling), the color becomej^ 
deeper blue or 'bluish violet. This color disappears quickly on warming, 
differing from certain xanthine bodies. This reaction is called the viurexide 

If uric acid is converted into alloxan by the careful action of nitric acid 
and the excess of acid carefully expelled, on treating this with a few drops 


3 His, Jr., and Paul, Zeitschr. f. physiol Chem.,, 31; Smale, Centraibl f. Physiol, 
£ physiol Chem., TO./ 
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of concentrated sulphuric acid and commercial benzene (containing thio- 
phene) a beautiful blue coloration is obtained (Deniges’ reaction ^). 

Uric acid does not reduce an alkaline solution of bismuth, while, on the 
contraiy, it reduces an alkaline cupric-hydrate solution. In the presence of 
only a little copper salt we obtain a white precipitate consisting of cuprous 
urate. In the presence of more copper salt red cuprous oxide separates. 
The compound of uric acid with cuprous oxide is formed when copper 
salts are reduced by dextrose or a bisulphite in alkaline solution in the 
presence of a sufficient amount of urate. 

If a solution of uric acid in water containing alkali carbonate is treated 
with magnesium mixture and then a silver-nitrate solution added, a gelati- 
nous precipitate of silver-magnesium urate is formed. If a drop of uric acid 
dissolved in sodium carbonate is placed on a piece of filter-paper which has 
been previously treated with silver-nitrate solution, a reduction of silver 
oxide occurs, producing a brownish-black or, in the presence of only 0.002 
milligram of uric acid, a yellow spot (Schiff^s test). 

The precipitation of free uric acid from its alkali salts by means of 
acids can be prevented to some extent by the presence of thymic acid or 
nucleic acid (Goto 2). It is questionable whether this is of any ph3^sio- 
logical importance. 

Preparation of Uric Acid from Urine. Filtered normal urine is treated 
with 20-30 c.c. of 25 per cent hydrochloric acid for each liter of urine. 
After forty-eight hours collect the crystals and purify them by redissolving 
in dilute alkali, decolorizing with animal charcoal and reprecipitating with 
hydrochloric acid. Large quantities of uric acid are easily obtained from 
the excrements of serpents by boiling them with dilute caustic potash (5 per 
cent) until no more ammonia is developed. A current of carbon dioxide 
is passed through the filtrate until it barely has an alkaline reaction; dis- 
solve the separated and washed acid potassium urate in caustic potash, and 
precipitate the uric acid in the filtrate by addition of an excess of hydro- 
chloric acid. 

Quantitative Estimation of Uric Acid in the Urine. As the older method 
suggested by Heintz, even after recent modifications, gives inaccurate 
results, it will not be considered here. 

Salkowsici and Ludwig's ^ method consists in precipitating by silver 
nitrate the uric acid from the urine previously treated with magnesium 
mixture, and iveighing the uric acid obtained from the silver precipitate. 
Uric acid determinations by this method are often performed according to 
the suggestion of E. Ludwig, which requires tbe following solutions:'" 


^ Joum. de Pharm. et de Chim., 18. Cited from Maly’s Jahreaber., 18. 

■■ ® Salkowski, Vircliow’s Arch., 52; Ffluger's'Arch., 5; .Salkowski, Laboratory Manila! 
of Physio!, and Path. Chem., translated by Orndorfi,, 1904; Ludwig, Wien. rued*. 
Jahrbiich, 1884, and Zeitschr. L anal. Chem.,. 24., '' 
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1. An AMMONiACAL, siLVEE-NiTRATE SOLUTION, wMch contaliis in 1 liter' 26 
grams of silver nitrate and a quantity of ammonia sufficient to redissolve com- 
pletely the precipitate produced by the first addition of ammonia. 2. Magne- 
sia MiXTGRE. Dissolve 100 grams of crystallized magnesium chloride in water, 
add ammonia until the liquid smells strongly of it, and enough ammonium 
cMoride to dissolve the precipitate; then dilute the solution to 1 liter. 3. Sodium- 
sulphide SOLUTION. Dissolv elO grams of caustic soda which is free from nitric 
acid and nitrous acid in 1 liter of water. One half of this solution is completely 
saturated wdth sulphuretted hydrogen and then mixed with the other half. 

The concentration of the three solutions is so arranged that 10 c.c. of 
each is sufficient for 100 c.c. of the urine. 

100-200 C.C., according to concentration, of the filtered urine freed 
from protein (by boiling after the addition of a few drops of acetic acid) is 
poured into a beaker. In another vessel mix 10-20 c.c. of the silver solu- 
tion with 10-20 c.c. of the magnesia mixture and add ammonia, and when 
necessary also some ammonium chloride, until the mixture is clear. This 
solution is added to the urine wffiile stirring, and the mixture allow^ed to 
stand quietly for half an hour. The precipitate is collected on a filter, 
washed with ammoniacal wmter, and then returned to the same beaker by 
the aid of a glass rod and a wash-bottle, without destroying the filter, 
Now^ heat to boiling 10-20 c.c. of the alkali-sulphide solution, wdiich has 
pre\’iously been diluted with an equal volume of water, and allow this solu- 
tion to flow through the above filter into the beaker containing the silver 
precipitate ; w’^ash wuth boiling water, and warm the contents of the beaker 
on a water-bath for a time, stirring constantly. After cooling, filter into a 
porcelain dish, wash the filter with boiling water, acidify the filtrate with 
hydrochloric acid, evaporate it to about 15 c.c., add a few drops more of 
hydrochloric acid, and allow it to stand for tw^enty-four hours. The uric 
acid which has crystallized is collected on a small weighed filter, washed 
with water, alcohol, ether, and carbon disulphide, dried at 100-110° C., and 
W'eighed. For each 10 c.c. of aqueous filtrate we must add 0.00048 gram 
uric acid to the quantity found directly. Instead of the weighed filter- 
paper a glass tube filled with glass wool as described in other handbooks 
may be substituted (Ludwig). Too intense or too long continued heat- 
ing with the alkali sulphide must be prevented, otherwise a part of the 
uric acid may be decomposed. 

Salkowski deviates from this procedure by precipitating the urine first 
with a magnesium mixture (50 c.c. to 200 c.c, urine), filling up to 300 c.c., 
and filtering. Of the filtrate, 200 c.c. is precipitated by 10-15 c.c. of a 
3 ])er cent silver-nitrate solution. The silver precipitate is shaken with 200- 
300 c. c. of water acidified with a few drops of hydrochloric acid, decomposed 
])y sulphuretted hydrogen, heated to boiling, the silver-sulphide precipitate 
boiled with fresh water, filtered, the filtrate concentrated to a few cubic 
centimetres, treated with 5-8 drops of hydrochloric acid, and allowed to 
stand until the next day. 

Hopkins' method is based on the fact that the uric acid is completely 
precipitated from the urine as ammonium urate on saturating with am 
monium chloride. The uric acid can either be weighed after being set free 
by hydrochloric acid or it can be determined in several ways — ^by titration 
with "potassium permanganate or by ;the Kjeldahl method. Several modi- 
fications of this method have been worked out by FoniNj .Folin and Schaf- 
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FER, Wgener, ;and,,J 0 LLES> . The- last named converts the uric acki 
into , urea hy' oxidation with potassium permanganate ^ in siilpliiiric-fixiid 
solution and then determines the quantity of this hj sodium hypobroiiiite. 
Of these methods we shall describe only that suggested by Folin-Schaffer. 

Folin-Schaffer Method. Treat 300 c.c. urine with 75 c.c. of a solution 
containing 500 grams of ammonium sulphate, 5 grams of uranium acetate, 
and 60 G.c. of 10 per cent acetic acid in a liter, and filter after five miiiiites. 
This removes an unknown constituent of the urine (a protein siibstaiice) 
which would otherwise contaminate the uric acid. Take 125 c.c. of tlie fil- 
trate (corresponding to 100 c.c. of the urine) and add 5 c.c. of concentrated 
ammonia. After tw^enty-f our hours the precipitate is filtered off and •washed 
free from chlorine on the filter by means of an ammonium-sulphate solutioii. 
The precipitate is washed off the filter by ■water (total 100 c.c.) into a iiask, 
treated Avith 15 c.c. of concentrated sulphuric acid, and titrated at 60-63® 
C. with N/20 potassium-permanganate solution. Each cubic centimeter 
of this solution corresponds to 3.75 milligrams uric acid. Because of the 
solubility of the ammonium urate a correction of 3 milligrams must be 
added for every 100 c.c. of the urine. 

In regard to the numerous other methods for estimating uric acid, we 
must refer to special works on the subject, and especially to Huppert- 
Neubauer. 

Purine Bases (x4lloxuric Bases). The alloxuric bases (purine bo.ses) 
found in human urine are xanthine, guanine, hypoxanthine, adenme, para- 
xanthine, heteroxanthine, episarkine, epiguanine, 1-msthylxanthme, and car- 
nine. The occurrence of guanine and carnine (Pouchet) is, according to 
Kruger and Salomon, ^ not positively shown. The quantity of these 
bodies in the urine is extremely small and varies in different individuals. 


Flatow and Reitzenstein found 15.6-45.1 milligrams in the urine voided 
during tAventy-four hours. The. quantity of alloxuric bases in the urine is 
increased regularly after feeding with nucleus nucleins or food rich in nu- 
cleins, and after free destruction of leucocytes. The quantity is especially 
increased in leucsemia. We have a number of observations on the elimina- 
tion of these bodies in different diseases, but they are hardly tnistAvorthy on 
account of the inaccuracy of the methods used in the determinations. It 
must also be remarked that the three alloxuric bases, heteroxanthine, para- 
xanthine, and 1-methylxanthine, which form the chief mass of the alloxuric 
bases of the urine, are derived, according to the investigations of Albanese, 
BoNDZYNSia and Gottlieb, E. Fischer, M. Krugigr and G. Salomon, and 


^Hopkins, Joum. of Path, and Back, 1893, and Proceed. Roy. Soc,, 52; Folio, 
Zeiischr. f. physiol Cham., 24; Folin an<l Schafer, iUd., 32; Womer, ibul, 29; Jolles, 
ibid., 29, and Wien. med. Wochenschr., 1903. 

^ 2eitschr. f. physiol Ohem,, 24;, Pouchet, ^^Contributions - la ' comiaLsmnec des' 
matidres extractives de Furine.'^^ Th^se Paris, 1880. Cited from Huppert-Neiibauer, 
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PUEINE BASES. 


579 


Schmidt 1 from the theobromine, caffeine, and theopliyliine which occur 
in the food. With the purine bases we must also differentiate between 
those of endogenous and those of exogenous origin.^ As the four true 
nuclein bases and carnine have been treated in Chapters V and XI, it only 
remains to describe the special urinary purine bodies. 

■ . BN—CO . 

. 'I,. I,. 

Heteroxanthine, C 6 H 6 N 40 £= 7 -monomethyixanthine, OC C.N.GIh, was first 

I 1 1 

■ _ ■ ^ HN— 

detected in the urine by Salomon. It is identical with the monomethylxaiithine 
which passes into the urine after feeding with theobromine or caffeine. Salomon 
and Neubeeg ® found heteroxanthine in the urine of a dog fed entirely upon 
meat, and this was probably formed by a methylation in the body. 

Heteroxanthine crystallizes in shining needles and dissolves with difficulty 
in cold water (1592 parts at 18° C.). It is readily^ soluble in ammonia and alkalies. 
The crystalline sodium salt is insoluble in strong caustic alkali (33 per cent) and 
dissolves with difficulty in water. The chloride crystallizes beautifully, is rela- 
tively insoluble, and is readily decomposed into the free base and hydrochloric 
acid by water. Heteroxanthine is precipitated by copper sulphate and bisul- 
phite, mercuric chloride, basic lead acetate and ammonia, and by silver nitrate. 
The silver compound dissolves rather easily in dilute, warm nitric acid ; it crystal- 
lizes in small rhombic plates or prisms, often grown together, forming charac- 
teristic crosses. Heteroxanthine does not give the xanthine reaction, but does 
give Weidbt/s reaction, according to Fischer (see Chapter V). 

■ CH 3 .N— CO 

I i 

i-Methylxanthine, CoHoN^O. , OC C.NIl , w^as first isolated from the 

''■■■ \ \\ -Xqjt 

urine and studied by Kruger, and then by Kruger and Salomon.^ It is diffi- 
cultly soluble in cold water, but readily soluble in ammonia and caustic soda, 
and does not give an insoluble sodium compound. It is readily soluble in 
dilute acids, and it crystallizes from its acetic-acid solution in thin, generally 
hexagonal plates. The chloride is decomposed into the base and hydrochloric 
; acid by water. 1 -methyIxanthine gives crystalline double salts with platinum 

and gold. It is not precipitated by basic lead acetate, nor when pure by ba.siC' 

' lead acetate and ammonia. With ammonia and silver nitrate it gives a geia- 

I tinous precipitate. The silvr-nitrate compound crystallized from nitric acid 

? forms rosettes of united needles. With the xanthine test with nitric acid it gives 

' * an orange coloration on the addition of caustic soda. It gives Weidei/s reac- 

tion (according to Fisci-iek) beautifully. 

^ Albancse, Ber. d. d. chem. Gesellsch., 32; Arch. f. exp. Path. u. Pharm., 35; 
Bondzynski and Gottlieb, ibid,, 30, and Ber. d. deiitsch. chem. Gesellsch., 28: E* 
Fischer, ibid., SO, 2405; Kriiger and Salomon, Zeitschr. f. physiol, Chem., 20; Kruger 
and Schmidt, Ber. d. d. chem. Gesellsch., 32, and Arch. f. exi 3 . Path. u. Pharm., 45. 

^ See Burian and Schur, foot-note 3, page 570, and Kaufmann and Mohr, Deutsch. . 

® Saikowskfis Festschrift, 1 904. , , ' ‘ ^ 

^Kriiger, Arch. f. (Anat. u.) Physiol., 1894; Kruger and Salomon, Zeitschr. f 
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ParaxantMnej C^HsN^Og == 1 .7-dimethylxanthine, 
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HN—C.N.;: 

bromine (Thxtdtchitm)j was first- isolated from the urine by Thudichum and Sai.o- 
MONd It crystallizes ^'beautifully in six-sided plates or in needles. The sodium 
compound (Tystallizes, in rectangular plates or prisms and, like the iietero- 
xanthine-sodiuor compound, is insoluble in 33 per cent caustic-soda soliitiori. 
The sodium compound separates in a crystalline state on neutralizing its solution 
in water. The chloride is readily soluble and is not decomposed by water. The 
chioroplatinate crystallizes very beautifully. Mercuric chloride precipitates it only 
when added in excess and after a long time. The silver-nitrate compound 
separates as white silky crystals from hot nitric acid on cooling. It gives Wbidel's 
reaction, but not the xanthine test, with nitric acid and alkali. 

Episarkine is the name given by Balke to a purine body occurring injiiiman 
urine. The same body has been observed by Salomon ^ in pigs’ and dogs’ urine, 
as well as in urine in leucsemia. Balke gives C^HeNgO as the probable formula 
for episarkine. It is nearly insoluble in cold water, dissolves with difficulty in 
hot water, but may be obtained therefrom as long fine needles. Episarkine does 
not give the xanthine reaction with nitric acid nor Weidel’s reaction. With 
hydrochloric acid and potassium chlorate it gives a white residue which turns 
Violet with ammonia. It does not form any insoluble sodium compound. The 
silver compound is difficultly soluble in nitric acid. Episarkine is possibly 
identical writh epiguanine. 

HN— CO 

[ . I ■ - 

Epiguanine, CeHyNoO «=7-methylguanine, HgN.C G.N.CHg, was first pre- 

il ll Xpiqr 

pared from the urine by KRtiasR.^® It is crystalline and difficultly soluble in 
hot water or ammonia. It crystallizes from a hot 33 per cent caustic-soda solu- 
tion on cooling in broad shining crystals and dissolves readily in hydrochloric? or 
sulphuric acid. It gives a characteristic chioroplatinate crystallizing in six-sided 
prisms. It is precipitated neither by basic lead acetate nor by basic lead ace- 
tate and ammonia. Bilver nitrate and anmionia give a gelatinous precipitate. 
It responds to the xanthine test with nitiic acid and alkali. According i.o 
Fischbk it acts like episarkine with Weidet/s test. 

In preparing alloxuric bases from the urine, the fluid is supersaturated with 
ammonia and precipitated by a silver-nitrate solution. The precipitate, is tlien 
decomposed with sulphuretted hydrogen. The boiling-hot filtrate is evaporated 
to dryrifcrss and the dried residue treated with 3 per cent sulphuric acid. The 
purine bases are dissolved, while the uric acid remains undissolved. This filtrate 
is saturated with ammonia and precipitated hy silver-nitrate solutioii. If in- 
stead of precipitating with silver solution we desire to preci})itate, according to 
Kritgee and Wulff, with copper suboxide, the urine may be heated to boiling 
and immediately are added, successively, 100 c.c. of a 50 per cent sodiiim-!)isui- 
phate solution and 100 c.c. of a 12 per cent copper-sulphate solution for every 
liter of urine. The thoroughly w^ashed precipitate is decomposed with hydro- 
chloric acid and sulphuretted hydrogen. The uric acid remains in gn?at' part 

^Thudichum, "'Grundziige d. anal med. klin. Chemie'' (Berlin, 1886); Salomon, 
Arch. f. (Anat. u.) Physiol., 1882, and Ber. d. deutsch. chem. Gesellsch., 10 and 18. 

® Balke, Kenntniss der Xanthinkorper^^-(Inaug.-Diss., Leipzig, 1893); Salo- 
mon, .2#eitschr. f. ptiysiok Cluem., IS. ■ - ■ 

'd Arch; f. (Anat./xi.) FhyrioL, 1894; /Kruger 'and Salomon, Zeitsclir. i physiol 
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oil the filter. Further details in regard to the treatment of the solution of the 
hydroehloric-acid compounds may be found in Kritger and Salomon.^ 

Qmntitatioe Estifuation of Alloxuric Bases according to Salkowski.^ 
400 to 600 c.c. of the urine free from protein is first precipitated by mag- 
nesia mixture and then by a 3 per cent silver-nitrate solution as de- 
scribed on page 577. The thoroughly washed silver preicpitate is decom- 
posed by sulphuretted hydrogen after being suspended in 600-800 c.c. 
of water with the addition of a few drops of hydrochloric acid. It is heated 
to boiling and filtered hot, and finally evaporated to dryness on the water- 
bath. The residue is extracted ■with 20-30 c.c. of hot 3 per cent sulphuric 
acid and allowed to stand twenty-four hours; the uric acid is filtered off^ 
washed, the filtrate made ammoniacal, and the xanthine bodies precipi- 
tated again by silver nitrate, the precipitate collected on a small chlorine- 
free filter, washed thoroughly, dried, carefully incinerated, the ash dis- 
solved in nitric acid, and titrated with ammonium sulphocyanide accord- 
ing to Volhard^s method. The ammonium-sulphocyanide solution should 
contain 1.2-1. 4 grams per liter, and its strength should be determined by a 
silver-nitrate solution: 1 part silver corresponds to Q.277 gram nitrogen of 
alloxuric bases or to 0.7381 gram alloxuric bases. By this method the 
uric-acid and alloxuric bases can be simultaneously determined in the same 
portion of urine 

Malfatti determines the nitrogen of the alloxuric bases in the hydrochloric- 
acid filtrate from the separated uric acid. This filtrate is evaporated with mag- 
nesia until all the ammonia has been expelled and the residue used for the 
Kjeldahl determination. 

The nitrogen of the alloxuric bases is also determined as the difference between 
the uric-acid nitrogen and the total nitrogen of the alloxuric bodies of the silver 
precipitate (Cambrer, Arnstein ®). Salkowski has raised the objection to 
this procedure that it is not possible to remove all the ammonia from the silver 
precipitate by washing. According to Arnstein ® this can readily be done by 
boiling the precipitate in water with some magnesia, and under these circum- 
stances this method is quite serviceable. The nitrogen is estimated by Kjel- 
dahl’ s method. The uric-acid nitrogen multiplied by 3 gives the quantity of 
uric acid. As the mixture of alloxuric bases in the urine is but little known, the 
quantity of nitrogen of the alloxuric bases^ is always calculated as a certain 
alloxuric base, for example xanthine (Camerer), and the quantity so found 
used as a measure for the alloxuric bases. 

According to a new method of Kruger and Schmid ^ the uric acid and 
the purine bases are precipitated as a cuprous compound by copper-sulphate 
solution and sodium bisulphite. The precipitate is decomposed in sufficient water 
by sodium sulphide, and the uric acid precipitated from the concentrated filtrate 
with hydrochloric acid, and the purine bases again precipitated from this filtrate as 


^ Zeitschr. f. physiol. Chem., 26, and also Hoppe-Seyler-Thierfelder's Handbiich, 
7, Auf!., 154. 

2 Pfliiger’s Arch., 69. . 

3 In regard to the details we refer the reader to the original paper. 

CentralbL f. innere Med., 1897. . . . 

® Camerer, Zeitschr. f. Biologie, 26 and 28; Arnstein, Zeitschr. f. physiol. Chem., 23. 
®Salkowski, i. c.; Arnstein, Centralbl. f. d. ra,ed. Wissensch., 1898. 

^Zeitschr. f. physiol. Chem., 45 and Hoppe-Seyler-Thierfelder^s Handbuch, 
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cuprous or silver compounds. Finally, the nitrogen in the uric-acid part and the 
part containing the mixture of purine bases is estimated. ^ 

We cannot discuss the other methods, such as those of Deniges and Niemi- 
Lowicz, and the method suggested by Hall * for clinical purposes. 

Oxalurlc Acid, - (CON 2 Hg).CO.COOH. This acid, . whose relation 

to uric acid and urea has been spoken of above, does not always occur in the 
urine, and then only in traces as the ammonium salt. This salt is not directly 
precipitated by CaCis and NH 3 , but on boiling it is decomposed into urea and 
oxalate. In preparing oxaiuric acid from urine the latter is filtered through 
animal charcoal. The oxaiurate retained by the charcoal may be obtained by boil- 
ing wdth alcohol. 


COOH 

. Oxalic Acid, C2H2O4, or occurs under physiological conditions 

COOH. 

in very small amounts in the urine, about 0.02 gram in twenty-four hours 
(Fue.bringer 2 ). According to the generally accepted view it exists in 
the urine as calcium oxalate, which is kept in solution by the acid phos- 
phates present. Calcium oxalate is a frequent constituent of urinary sedi- 
ments and occurs also in certain urinary calculi. 

The origin of the oxalic acid in the urine is not well known. Oxalic 
acid when administered is eliminated unchanged, at least in part, by the 
urine and as many vegetables and fruits, such as cabbage, spinach, 
asparagus, sorrel apples, grapes, etc., contain oxalic acid, it is possible that 
a part of the oxalic acid of the urine originates directly from the food. 
That oxalic acid may be formed in the animal body as a metabolic product 
from proteins or fats follows from the observations of Mills and Luthje,^ 
who found in dogs on an exclusively meat and fat diet, as also in starvation, 
that oxalic acid was eliminated by the urine. The oxalic acid which is 
eliminated in increased quantity with a diminished oxygen supply and an 
increased protein catabolism, as found by Reale and Boeri, and also by 
Teeray, is supposed to be derived partly from the greater destruction of 
proteins. Pure protein does not, according to Salkowsici ^ increase the 
quantity of oxalic acid eliminated; on the contrary, after meat feeding the 
amount of this acid is increased, due in part to the meat containing 
oxalic acid (Salkowski) . Gelatine and gelatine-yielding tissues seem to 
increase the excretion of oxalic acid, which stands in accord vith the 
observations of Kijtscher and Schenk ^ that on the oxidation of gelatine 
oxamic acid is produced from the gly cocoll and this then decomposes 
readily into ammonia and oxalic acid. After feeding nucleins no constant 

^ Niemiiowicz, Zeitechr, f. physiol. Chem., 05; Gittelmacher-Wilcako, iMd,^ 06; 
Hall, Wien. klin. Wpehensebr., IG. 

® Deutsch. Arch. f. kiln. Med., 18. See also Bimiop, Jouni, Path, and BacterioL, 0 . 

, ^ In regard to the behavior of oxalic acid in the animal body, vsee pages C29 and 630. 

; ^ Mills,' Vircbow^s Arch., 09;. Liithje,. Zeitschr. f. kiln. Med., 05. 

® Heale and Boeri, Wien. med. Wochenschr., 1895;' , Terray, Pflfiger^s Arch., G5; 

^ Saikowski, BerL klin, WocEensehr., 1900. 

*^2cdtschr. f. physiol Cherniy 40.' , ^ 
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increase in the elimination of oxalic acid has been observed A The pro- 
duction of oxalic acid due to an incomplete combustion of the carbo- 
hydrates has also been suggested. The work of Hildebrandt and P. 
Mayer seems^ to indicate this under abnormal conditions. In alimentary 
glycosuria or diabetes Luzzato ^ could not observe any rise in the elimi- 
nation of oxalic acid. We have no grounds for the assumption that oxalic 
acid is produced under physiological conditions by an incomplete com- 
bustion of carbohydrates. We cannot exclude the possibility of the for- 
mation of oxalic acid from the oxidation of uric acid in the animal body, 
yet we have no positive proof of such a formation.^ 

Oxalic acid is best detected and quantitatively determined according 
to the method suggested by Salkowski: Shaking out the oxalic acid from 
the acidified urine by means of ether and then proceeding as follo’^i^s accord- 
ing to Autenrieth and Barth : ^ 

The twenty-four-hour urine is precipitated by CaCl 2 and ammonia 
in excess. After 18-20 hours the precipitate is collected (the filtrate must 
be clear) and dissolved in a little hydrochloric acid and shaken out 4-5 
times with 150-200 c.c. ether (containing 3 per cent absolute alcohol). 
The united ethereal extracts are filtered through a dry filter and distilled 
after the addition of about 5 c.c. of water. The liquid, if necessary, is 
decolorized with animal charcoal and precipitated with CaCl 2 and am- 
monia, made acid after a certain time with acetic acid, and finally the 
oxalate is collected, washed, burned to CaO, and weighed. 


NH.CH.HN 


I 

NH.O 


Allantoin (GLYOxyLDixjREiDE), C 4 H 6 N 4 O 3 , OC<^ I pCO, oc- 

. ... . ..... ........ .. ...... 

curs in the urine of children within the first eight days after birth, and in very 
small amounts also in the uriiie of adults (Gijsserow, Ziegler and HeiT- 
mann). It is found in rather abundantjqliantities in the urine of pregnant 
women (Gusserow). Allantoin has also been found in the urine of suck- 
ing calves (WohlS), in urine of oxen (Salkowski), and sometimes in the 
urine of other animals (Meissner). It is also found in the amniotic fluid 
and, as first shown by Vauquelin and Lassaigne ^ in the allantoic fluid 
of the cow (hence the name). Allantoin is formed, as above stated, by 
oxidation of uric acid outside of the animal bod 3 q lienee a similar formation ! 

^ See Stradomsky, Virchow’s Arch., 103; Mohr and Salomon, Deutsch. Arch. f. 
klin. Med., 70; Salkowski, 1. c. 

“ Hildebrandt, Zeitschr. f. physiol. Cbem., 35; P. Mayer, Zeitschr. f. klin. Med., 47; 
Luzzato, Salkowski ’s Festschrift, 1904. ■ ' ' . ^ 

^ See Wiener, Ergebnisse der Physiol., 1, Abt. 1. 

^ Salkowski, Zeitschr. f. physiol. €hem., 29; Aiitenrieth and Barth, 35. 

® Ziegler and Hermann, see Gusserow, Arch, f. Gynakol, 3 — both cited from Huppert- 
Neubauer, Harn-Analyse, 10. Aufi., 377; AVohler, Anna!, d. Chem, u. Pharm., 70; 
Salkowski, Zeitschr. f. physiol. Chem.) 42.; ■ Meissner, Zeitsciir. f. rat. Med. (3), 31; Las- 
' saigne, Annal. de Chim. et Phys., 17. . \ "A - ' ■ ’ 
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of allantoiii is assumed in the animal organism (see page 573). According 
to PoDUSCHKA and AIiNicowsKid aiiantoin introduced into dogs ai)p(^ars 
almost entirely in the urine, while in man only a small portion of the in- 
gested substance is eliminated by the kidneys. In carnivora the excretion 
of aiiantoin is considerably increased, according to i\IiNivOWSivi, Cohn, 
Salkowski, and ^^Iendel and Biiown,^ after feeding thymus or paiicreas. 
According to Mendel and White, on the intravenous injection of urates 
an abundant elimination of aiiantoin takes place in dogs and cats. A 
strong aiiantoin excretion is also found in dogs after poisoning with hy- 
drazine (Borissow), hydroxy lamine, semicarbazide, and aminoguaiiidine 
(PoHL^). He also obtained aiiantoin in the autolysis of the intestinal 
mucosa, liver, thymus, spleen, and pancreas. As no aiiantoin exists in 
the organs of normal starving dogs, and as Pohl has found it in the liver 
and, as traces, also in the other organs after poisoning with hydrazine, he 
claims that the aiiantoin is formed in the nuclein destruction produced 
by the death of the cell-nuclei. 

Aiiantoin is a colorless substance often crystallizing in prisms, difficultly 
soluble in cold water, easily soluble in boiling water, and also in warm 
alcohol, but not soluble in cold alcohol or ether. A wateiy aiiantoin solu- 
tion gives no precipitate with silver nitrate alone, but by the careful addi- 
tion of ammonia a white flocculent precipitate is formed, C 4 H 5 . 4 gN 403 , 
which is soluble in an excess of ammonia and which consists after a certain 
time of very small, transparent microscopic globules. The dr^^ precipitate 
contains 40.75 per cent silver. A watery aiiantoin solution is precipitated 
by mercuric nitrate. On continued boiling aiiantoin reduces Fehling\s 
solution. It gives Schiff^s furfurol reaction less rapidly and less intensely 
than urea. Aiiantoin does not give the murexide test. 

Aiiantoin is most easily prepared by the oxidation of uric acid with 
lead peroxide. In preparing aiiantoin from urine, proceed according to 
Loewy's^ method, which consists of the following: The faintly acidified 
urine is precipitated with a mercurous-nitrate solution, the filtrate treated 
with H 2 S, and the new filtrate precipitated by magnesium oxide and silver 
nitrate after the removal of the H 2 S. The precipitate is filtered off and 
washed with warm water and decomposed with H 2 S, and the filtrate evap- 
orated to dryness. The residue is extracted wdtk hot water and then the 
solution precipitated with mercuric nitrate. The precipitate is collected 
and decomposed by H 2 S. From the evaporated filtrate the aiiantoin 


^ Arch. f. exp. Path. u. Pharm., 44; Minkowski, ibid,, 41. 

2 Minkowski, L c., and Centralbl. f. innere Med., 1S9S; Cohn, Zeitschr. f. physiol. 
Chem., 25; Salkowski, Centralbl f. d. med. Wissensch., 1898; Mendel and Brown, 
Amer. Journ. of Physiol, 3. 

, 2 Mendel,,, and White, Amer. Jonm: of -Physiol, 12; Borissow, Zeitschn f. physiol' 

Chem., 19; Pohl, Arch. f. exptPath.'U. Pharm., 46. , 
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crystallizes out. This method can. be used for the quantitative determina- 
tion of allantoin. 

OC C6II5 

Hippuric Acid (Benzoyl-amino acetic acid), C9H9NO3, • ‘ 

- HN.CB[2*C00H. 

This acid decomposes into benzoic acid and glycocoll on boiling with 
mineral acids or alkalies^ and also by the "putrefaction of the urine. The 
reverse of this occurs if these two components are heated in a sealed tube^ 
according to the following equation: C6H5COOH + NH2.CH2.COOH™ 
C6H5.C0.NH.CH2.C00H + H2CK^ This acid may be synthetically pre- 
pared from benzamide and monochloracetic acid, C6H5.CO.NH2+CH2CL 
COOH=C6H5.CO.NH.CH2.COOH-hHCl, and in various other ways, but 
most simply from glycocoll and benzoyl chloride in the presence of alkali. 

Hippuric acid occurs in large amounts in the urine of herbivora, but 
only in small quantities in that of carnivora. .,The quantity of hippurig 
acid eliminated in human urine on a mixed diet is usually less than 1 gram 
per day; as an average it is 0.7 gram. After eating freely of vegetables 
and fruit, especially such fruit as plums, the quantity may be more than 
2 grams. Hippuric acid is also found in the perspiration, the blood, the 
suprarenal capsule of oxen, and in ichthyosis scales. Nothing is positively 
known in regard to the quantify of hippuric acid in the urine in disease. 

The Formation of Hippuric Acid in the Organism. Benzoic acid.and^ 
also the substituted benzoic acids are converted into hippuric acid and sub- 
stituted hippuric acids within the body." " Moreover, those bodies are trans- 
formed into hippuric acid which by oxidation (toluene, cinnamic acid^ 
hydrocinnamic acid) or by reduction (quihic acid) are converted into ben- 
zoic acid. The question of the origin of hippuric acid is therefore connected 
with, the'question of the origin of benzoic acid ; the formation of the second 
component, glycocoll, frcto the protein substances in the body is unques- 
tionable. 

Hippuric acid is found in the urine of starving dogs (Salkowsiq), also 
in dog^s urine after a diet cbrisWtihg entirety" of meat (Meissnee and 
Shepard, SALKOWski,'* and others^). ^ "If is evident that The benzoic acid 
originates in these cases frorn the proteins, and it is generally admitted that 
it is produced by the putref action of proteins in the intest ine^. Among the 
products of the putrefaction of protein outside of the body Salkowski has 
found phenylpropionic acid, C6H5.CH2.CH2.COOH, which is oxidized in 
the organism to benzoic acid and eliminated as hippuric acid after combin- 
ing with glycocoll. Phenylpropionic acid seems to be formed from the 
aminophenylpropionie acid, which is derived from several protein substances. 
The supposition that the phenylpropionic acid is produced from tyrosine hy 

^ Salkowski, Ber. d. deutsch. chem., Gesellsch., 11; Meissner and Shepard, TJnter- 
such. iiber das Entstelien der Hippurs^ure im thierischen Organismus. Hanover, 1860. 
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putrefaction in the intestine has not been substantiated ))y the i-esea relies 
of Baumann, Schotten, and BaasB The importance of piitrei action in 
the intestine in producing hippuric acid is evident from the fact tliat after 
thoroughly disinfecting the intestine of dogs with calomel the hippuric acid 
disappears from the urine (Baumann^). 

The large quantity of hippuric acid present in the urine of herliiiaira is 
partly explained by the specially active processes of putrefaction going on 
in the intestines of these animals, but it is especially due to the large quantity 
of substances in the plant-food from which benzoic acid can be formed. 

There is hardly any doubt that the hippuric acid in human urine after a 
mixed diet, and especially after a diet of vegetables and fruits, originates 
in part from the aromatic substances, e.g., quinic acid. 

The view proposed by Weiss and others that a parallelism exists between 
the excretion of hippuric acid and uric acid in that an increase in the first is 
followed by a diminution in the second, and that, for example, quinic acid produc^es 
a diminution in the excretion of uric acid corresponding to the increased forma- 
tion of hippuric acid (Weiss, Lewin), cannot be considered as sufficiently proved ® 

(Hupfer). 

The kidneys may be considered in dogs as special organs for the syn- 
thesis of hippuric acid (Schmiedeberg and Bunge ^). In other animals 
as in rabbits, the formation of hippuric acid seems to take place in other 
organs, such as the liver and muscles. The synthesis of hippuric acidjs 
therefore not exclusively limited to any special organ, though perhapsjn 
some species of animals it may be more abundant in one organ than in 
';:;;:\;:v::'"anqpier, '' '■■■ : 

As the thorough investigations of Wiechowski teach ^ the synthesis of^ 
hippuric acid" does not stand in any direct relationship to the extent of 
protein metabolism; it varies, oh the contraiy, with the duration of circu- 
lation of benzoic acid and the quantity of glycocoll present in the bodyA 
The amount of the latter in intermediary metabolism is so great that in 
rabbits, on the administration of benzoic acid, more than one half of the 
total urine nitrogen may exist as glycocoll. Magnus-Levy found in 
rabbits and sheep up to 27.8 per cent of the total nitrogen as hippurie-acid 

^ E. and H. Salkowski, Ber. d. deutsch. chem. Geseilsch., 12; Baumann, Zeitsclir. i 

f. physiol. Chem., 7; Schotten, ibid,j S; Baas, ibtd,, 11. ; 

- ^Woiss, Zeitsohr. f, physiol. Chem., 2S, 27, S8; Lewin, Zeitschr. f, klin. Med., 42; ^ ' '-| 

Hupfer, Zeitschr. f. physioL Chem., 37. See also Wiener, “Die Harnsaurc,’’ Ergeb- 
• nisse der Physiol., 1, Abt. 1., . 

^ Arcli. f. exp. Path. u. Pharm., 6; also A. Hoffmann^ tbtd., 7, and Kochs, Pfliigor^s 
Arch., 20; Bashford and Cramer, Zeitschr. f. physioL Chem., 35. 

• Wieehowrid, Hofmeister-e Behrage, '7 (literature); A. Magnus^Lcvy, Munch, h 
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nitrogen, and both investigators have found so much liippuric-ac id nitrogen 
that it could not be accounted for by the glycocoll preformed from the 
proteins. We cannot explain how this abundant formation and elimination 
of glycocoll as hippuric acid is brought about. 

Properties and Reactions of Hippuric Acid. This acid crystallizes in 
semi-transparent, long, four-sided, milk-white, rhombic prisms or columns, 
or in needles by rapid crystallization. They dissolve in 600 parts cold 
water, but more easily in hot water. They are easily soluble in alcohol, 
but with difficulty in ether. The acid dissolves more easily (about 12 times) 
in acetic ether than in ethyl ether. Petroleum-ether does not dissolve 
hippuric acid. 

V On heating hippuric acid it first melts at 187.5'^ C. to an oily liquid 
■which ciystallizes on cooling. On continuing to heat it decomposes, pro- 
ducing a red mass and a sublimate of benzoic acid, with the generation, 
first, of a. peculiar pleasant odor of hay and then an odor of hydrocyanic 
acid. Hippuric acid is easily differentiated from benzoic acid by this 
behavior^ also by its crystalline form and its insolubility in petroleum 
ether. Hippuric acid and benzoic acid both give Lucke^s reaction, namely, 
they generate an intense odor of nitrobenzene when evaporated to dryness 
wdth nitric acid and when the residue is heated with sand in a glass tube. 
Hippuric acid forms crystallizable salts, in most cases, with bases. The 
combinations wdth alkalies and alkaline earths are soluble in water and 
alcohol. The silver, copper, and lead salts are soluble wdth difficulty in 
w’ater; the ferric salt is insoluble. 

Hippuric acid is best prepared from the fresh urine of a horse or cowu 
The urine is boiled a few minutes with an excess of milk of lime. The 
liquid is filtered while hot, concentrated and then cooled, and the hippuric 
acid precipitated b,y the addition of an excess of hydrochloric acid. The 
crystals are pressed, dissolved in milk of lime by boiling, and treated as 
above; the hippuric acid is precipitated again from the concentrated fil- 
trate by hydrochloric acid. The crystals are purified by recrystaliization 
and decolorized, wffien necessary, by animal charcoal. 

The quantitative estimation of hippuric acid in the urine may be per- 
formed by the followdng method. (Bunge and Schmiedeberg i) : The urine 
is first made faintly alkaline with soda, evaporated nearly to dryness, and 
the residue thoroughly extracted with strong alcohol. After the evapora- 
tion of the alcohol the residue is dissolved in water, the solution acidified 
wdth sulphuric acid, and completely extracted by agitating (at least, five 
times) wdth fresh portions of acetic ether. The acetic ether is then re- 
peatedly w'-ashed with w^ater, which is removed by means of a separatory 
Kinnel, then evaporated at a medium temperature and the dry residue 


^ Arch. f. exp. Path. ii. Pharm., 6. In regard to other methods, such as Blumen- 
thal as wmll as Pfeiffer, Bloch and Riecke, see Malyhs Jahresber., SO and 82. See also 
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treated repeatedly with petroleum-ether, which dissolves the benzoic acid, 
oxy acids,., fats,, and phenols, while the hippuric , acid .remains undissolved. 
This residue is now dissolved in a little warm water and evaporated at 
50“60® C. to crystallization. The crystals are collected on a small wei^s,iied 
filter. The mother-liquor is repeatedly shaken with acetic ether. This 
last is removed and evaporated; the residue is added to the above crystals 
on the filter, dried and weighed. 

'■ : Phenaceturic Acid, CioH^NOa ==C,H,.CH2.CO.NH.CH,.COOH. ' This acid, which 
is produced in the animal body by a combination of gly cocoll with the phenyl- 
acetic acid, GaHs.CHg.COOH, formed in the putrefaction of the proteins, lias 
been prepared from horse’s urine by Salkowski,^ but it probably also occurs in 
human urine. 

Benzoic Acid, CyHsOa or CgHs.COOH, is found in rabbit’s urine and sometimes, 
though in small amounts, in dog’s ui'ine (Weyl and v. ANimp). Aceoi’diiig to 
Jaarsveld and Stokvis and to Kronecker it is also found in human urine in 
diseases of the kidneys. The occurrence of benzoic acid in the urine seems to 
be due to a fermentative decomposition of hippuric acid. Such a decomposition 
may very easily occur in an alkaline urine or in one containing proteid (Van db 
Velde and Stokvis). In certain animals— pigs and dogs — the kidneys, accord- 
ing to Schmiedeberg and MiNKOWSia,^ contain a special enzyme, Schmiede- 
BERG^s histozym, which splits the hippmic acid with the separation of benzoic 
■■'.acid. ■ ■ ■ ■ ■ . . 

Ethereal Sulphuric Acids. In the putrefaction of proteins in the intes- 
tine, phenols, whose mother-substance is considered to be tyrosine, and a^o 
indol and skatol are produced. These phenols directly, and the two last- 
named bodies after they have been oxidized respectively into indoxyl and 
skatoxyl, pass into the urine as ethereal sulphuric acids after uniting with 
sulphuric acid. The most important of these ethereal acids are phenol- and 
cresol-suiphtiric acids — ^which were formerly also called phenol-forming sub- 
stances — indoxyl- and ska, toxyl-sulphuric acids. To this group ])eiong also 
the pyrocatechin-stdphuric acid, which occurs only in very small amounts in 
human urine, and hydroquinone-sulphuric acid, which appears in the urine 
after poisoning with phenol, and under physiological conditions perhaps 
other ethereal acids occur which have not been isolated. The ethereal 
sulphuric acids of the urine were discovered and specialty studied by Bau- 
mann.^ The quantity of these acids in human urine is small while 
horse's urine contains larger quantities. According to the determinations 
of v. D. Velden the quantity of ethereal sulphuric acid in human uriue in 
t^venty-foiir hours varies between 0,094 and 0.620 gram. The nilationship 
of the sulphate-sulphuric acid A to the conjugated sulphuric avid B in 


^ Zeitsclir. f. physiol. Cliera., 9. 

2 Weyl and v. Anrep, Zeitschr. f. physiol €hem.,, 4; Jaarsveld and Stokvis, Arch. 

_ f, exp. Path. 'u. Pharm., 10;, Kroneeker, iUd , 10; Van der 'Vchie and Stokvis, Ml,' 
17; Schmiedeberg, 14, 379;- Minkowski, 17. 

^PMgeris Arch.^' 12,andKh.' 



589 


■ : : ' ^ : PHENOL ' AND' P-CRESOL-SULPHURIC ACID.. 

health iS' on an average as' . 10 : 1 . It undergoes such great variations, as 
found by Baumann and Herter,^ and after them by many other' invests 
gators, that it is hardly possible to consider the average figures as normal. 
After taking phenol and certain other aromatic substances, as well as when 
putrefaction within the organisrh is genera the elimination of ethereal 
sulphuric acid is greatly increased. On the contrary, it is diminished Avheii 
the putrefaction in the intestine is reduced or prevented. For this reason it 
may be greatly diminished by carbohydrates and exclusive milk diet.^ The 
intestinal putrefaction and the elimination of ethereal sulphuric acid have 
also been diminished in some cases by certain therapeutic agents which 
have an antiseptic action; still the statements are not unanimous.^ 

Great importance has been given to the relationship between the total 
sulphuric acid and the conjugated sulphuric acid, or between the conjugated 
sulphuric acid and the sulphate-sulphuric acid, in the study of the intensity 
of the putrefaction in the intestine under different conditions. Several 
investigators, F. Muller, Salkowski, and v. Noorden,^ consider cor- 
rectly that this relationship is only of secondary value, and that it is more 
correct to consider the absolute value. It must be remarked that the abso- 
lute values for the conjugated sulphuric acid also undergo great variation, 
so that it is at present impossible to give the upper or lower limit for the 
normal value. 

Phenol- and p-Cresol-sulphuric Acids, G 0 H 5 .O.SO 2 .OH and 

These acids are found as alkali salts in human urine, 

in which also orthocresol has been detected. The quantity of cresol-sul- 
phiiric acid is considerably greater than of phenol-sulphuric acid. In the 
quantitative estimation the phenols are set free from the two ethereal acids 
and determined together as tribromphenol. The quantity of phenols which 
are separated from the ethereal-sulphuric acids of the urine amounts to 17-51 
milligrams in the twenty-four hours (Munk). The methods for the quanti- 
tative estimation used heretofore give, according to Rumpf, as well as Koss- 
LER and Penny, ^ such inaccurate results that new determinations are very 
desirable. After a vegetable diet the quantity of these ethereal-sulphuric 

^ V- d- Velden, Virehow^s Arch., 70; Herter, Zeitschr. f. physiol. Chem., 1. 

2 See Hirschler, Zeitschr. f. physiol. Chem., 10; Biernacki, Deutsch. Arch. f. Min. 
Med., 49; Rovighi, Zeitschr. f. physiol. Chem., 10; Winternitz, ihid.^ and Schmitz, 
ibid., 17 and 19. 

^ See Baumann and Morax, Zeitschr. f. physiol. Chem., 10; Steiff, Zeitschr. f. 
Idin. Med., 10;- Rovighi, I. c., Stern, , Zeitschr. f. Hygiene, 12; and Bartoschewitseh, 
Zeitschr. f. physiol. Chem., 17; Mosse, ibid., 23. 

^ Muller, Zeitschr. f. klin. Med., 12; y. Noorden, ibid., 17; Salkowski, Zeitschr. 

^Munk, Pfliigefis Arch., 12; Rumpf,, Zeitschr. f. physiol. Chem., 10; Kossler and 
Penny, ibid., 17. 
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acids is greater than after a mixed diet. After the ingestion of carbolic acid,, 
which is in great part converted by synthesis within the organism into p he- 
noi-siilphuric acid, also into pyrocatechin- and hydroqninon-sulpliiiiic iiv.id} 
or when the amount of sulphuric acid is not sufficient to comliirie 
with the phenol, it forms phenyl-glucuronic acid,^ the quantity of phenols 
and ethereal-sulphuric acids in the urine is considerably increased at the 
expense of the siilphate-sulphui*ic acid. 

An increased elimination of phenol-sulphuric acids occurs in active 
putrefaction in the intestine with stoppage of the contents of the intestine, 
as in ileus, diffused peritonitis with atony of the intestine, or tuberculous 
enteritis, but not in simple obstruction. The elimination is also increased 
by the absorption of the products of putrefaction from purulent wounds or 
abscesses. An increased elimination of phenol has beeci observed in a few 
other cases of diseased conditions of the body. ^ 

The alkali salts of phenol- and cresol-sulphuric acids crystallize in white 
plates, similar to mother-of-pearl, which are rather freely soluble in water. 
They are soluble in boiling alcohol, but only slightly soluble in cold alcohoL 
On boiling with dilute mineral acids they are decomposed into sulphuric 
acid and the corresponding phenol. 

Phenol-sulphuric acids have been synthetically prepared by Baumann 
from potassium pyrosulphate and potassiuiri phenolate or p-cresolate. For 
the method of their preparation from urine, which is rather complicated, 
and also for the known phenol reactions, the reader is referred to other 
text-books. The quantitative estimation of these ethereal-sul]:)hurie acids 
was usually performed by weighing the phenol which was separated from 
the urine as tribromphenoL At the present time the following method is 
employed: 

Kosslek and Penny^s Method with Neubebg^s ^ Modification. The 
liquid containing phenol is treated with N/10 caustic soda until strong;ly 
alkaline, warmed on the water-bath in a flask with a glass stop])er, and 
then treated with an excess of N/10 iodine solution, the quantity l^eirtg 
exactly measured. Sodium iodide is first formed and then sodiuin h>qx>- 
iodite, which latter forms tri-iodophenol with the phenol according to tlie 
following equation: 

CgHsOH + 3NaIO - -f 3NaOH. 

On cooling acidify with sulphuric acid and determine the excess of iodine 
by, titration with N/10 sodium thiosulphate solution. This process is 


^ See Baumann, Piiuger’s ib*ch., 12 and 13 , and Baumann and Preusse, Zcitsclir. 
f. phjj^sioL Ohem., 3, 156. 

. 2 Seixmiedeberg, Areb. f. exp. Path. u. Pharm., 14. 

■ 3 gee a, Hoppe-Seyler,,^ Mtschr, f. , physiol.-.; 'Ohem., 12, {this contains also all 
references to the literature' ointfiis>ubjectt; 'Fedeli, Molesehott's Untersuch., 15 . " ' 
^ I\oss!er and Feimy, 2eitschr,'f.. 'physiol. Chem., 17 ; Neuberg, tdtd., 27. ' 
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also available for tlie estimation of paracresoL Each cubic centimeter 
of the iodine solution used is equivalent to 1.5670 milligrams of phenol or 
1.8018 milligrams of cresol. As the determination does not give any idea 
as to the variable proportions of the two phenols, the quantity of iodine 
used must be calculated as one or the other of the two phenols. Before 
such a determination is carried out, the concentrated urine is first distilled 
after acidification with sulphuric acid and the distillate purified by pre- 
cipitation with lead and distilled again (Neijberg). For details, see 
Neuberg, L c., and Hoppe-Seyler-Thierfelder's Handbuch, 7. Aufl. 

The methods for the separate determination of the conjugated sulphuric 
acid and the sulphate-sulphuric acid will be spoken of later in connection 
with the determination of the sulphuric acid of the urine. 


Pyrocatechin-sulphuric Acid. This acid was first found in horse’s urine in 
rather large quantities by Baumann. It occurs in human urine only in the 
very smallest amounts, and perhaps not constantly, but it is present 
abundantly in the urine after taking phenol, pyrocatechin, or protocateeliuic 
acid. 


With an exclusively meat diet this acid does not occur in the urine, and it 
therefore must originate from vegetable food. It probably originates from the 
protocatechuic acid, which, according to Preusse, passes in part into the urine 
as pyrocatechin-sulphuric acid. This acid may also perhaps be formed by the 
oxidation of phenol within the organism (Baumann and Preusse 0* 

Pyrocatechin, or o-Dioxybenzene, C6H4(0H)2, was first observed in the urine 
of a child (Ebstein and J. Muller). The reducing body alcapton, first found 
by Bodeker ^ in human urine and which was considered for a long time as iden- 
tical with pyrocatechin^ is in most causes ]}vohBblY homogentisic acid or uroleucic 
acid (see below). 


Pyrocatechin crystallizes in prisms which are soluble in alcohol, ether, and 
water. It melts at 102-104® C., and sublimes in shining plates. The watery 
solution becomes green, brown, and ultimately black in the presence of alkali and 
the oxygen of the air. If very dilute ferric chloride is treated with tartaric acid 
and then made alkaline with ammonia, and this added to a watery solution 
of pyrocatechin, we obtain a violet or cherry-red liquid which becomes green 
on adding excess of acetic acid. Pyrocatechin is precipitated by lead acetate. 

It reduces an ammoniacal silver solution at the ordinary temperature, and re- 
duces alkaline copper-oxide solutions with heat, but does not reduce bismuth 
oxide. 

A urine containing pyrocatechin, if exposed to the air, especially when alkaline, 
quickly becomes dark 'and reduces alkaline copper solutions when heated. In 
detecting pyi’ocatechin in the urine it is concentrated when necessary, filtered, 
boiled with the addition of sulphuric acid to reniove the phenols, and repeatedly 
shaken after cooling with ether. The ether is distilled from the several ethereal 
extracts, the residue neutralized with barium carbonate and shaken again, with 
ether. The pyrocatechin which remains after e\"aporating the ether may be 
purified by re crystallization from benzene. 

Hydroquinone, or p-Dioxybenzene, 0^114 (OH ) 2 , often occurs in the urine after 
the use of phenol (Baumann and Preusse). The dark color which certain urines, 
so-called “carbolic mines,'' assume in the air is due to decomposition products. 
Hydroquinone does not occur as a normal constituent of urine, but only after 
the administration of hydroquinone;- and according to Lewin,'"* it may be found 

^ Baumann and Herter, Zeitschr. I physiol. Chem., 1; Preusse, ibid., 2; Baumann, 

ibid., S. , ' b . : 

2 Ebstein and Midler, Virchow's Arch., 62;,. Bodeker, Zeitschr. f. rat, Med. (3)^ 7. 

® Virchow'a Arch., 92. _ , ^ v ’''''-b-V ’b' b ■/' 
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ill the urine of rabbits as an ethereal-sulphuric acid, being a decomposition 

product of arbutin. s •, i . 

Hvdroquinone forms rhombic crystals which are readil}' soiabie in water ^ 
alcohol, and ether. It melts at 169° C. Like pyrocateehin,^ it easily rcyluces 
metallic oxides. It acts like pjrocatechin with alkalies, but is not precipitated 
with lead acetate. It is oxidized into quinone by ferric chloride anci other oxidiz- 
ing agents, and quinone can be detected by its peculiar odor. Ilydroquinone- 
sulphuric acid is detected in the mine by the same methods as pyrocatechin- 
sulphuric acid. 

CH 

/\ 

lEdoxyl-stilpliiiiiic Acidj CgH 7 NS 04 =.HG.;: C—C. 0 .S 02 ( 0 H), also called 

H(1 c in 

X/\/ 

GH NH 

UEiNE INBICAN, formerly called imoxANTHiNE^(HELLEE), occurs as an alkaH- 
salt in the urine,’ This acid'Ts^'iBe^moJ^ of a great part^of 

tiie indigo of the* urine. The "quantity ^ of indigo__^ which can be separated 
from the urine is considered as admeasure 'of the ^ of indoxyl-sul- 

phuric acid (and indoxyl-glucuronic acid) contained in the urine. TMs 
amount, according to Jaffe/ for man is 5-20 milligrams per twenty-four 
hoiii’s. Horse's urine contains about twenty-five times as much indigo- 
forming substance as human urine. 

Indoxyl-sulphuric arid is derived, as previously mentioned (page 401), 
from indol, which is first oxidized in the body into indoxyl and is then 
eoujugated with sulphuric acid. After subcutaneous injection of indol the 
elimination of indican is considerably increased (Jaffe, Bau.alinn ane 
Briegeb, and others). It is also increased by the introduction of ortlioni 
trophenylpropiolic acid in the animal organism (G. Hoppe-Sevleb^) 
Indol is formed by the putrefaction of proteins. The piitrefacition of se 
cretions rich in protein in the intestine explains also the oeeurrence of indican 
in the urine during starvation. Gelatine, on the contrary, does not increase 
the elimination of indican. 

An abnormally increased elimination of indican occurs in those diseases 
where the small intestines are obstructed, causing an increased ]>utn4 action 
and thus _ producing an abundance 'of Such anlncreaskl elimination 

of indican occurs on tying the small intestine of a dog, 1>iit not the largo 
intestine (Jaff^), an observation which has been confirmed recently by 
Eelinger and Prutz.^ They removed an intestinal Ioo]i in dogs and 
replaced it in a reversed position, the distal end of the loop being attached 

^ Pfliiger^s Arch., 8. 

, / Jaff4, Centmlbl. f. d. med. Wissensch., 1872; Baumaim and Brieger, Zoitschr. f. 
physiol. Chem:, 3; G. Hoppe-Seyler, ibid., 7 and 8. See also Porcher and Hervieux", 

Journ. de Physiol., 7.' ' ; ’ . 

® Jaffd, Virchow’s ilurefa.,; 70;. EUingea: and Prats?, Zeitsohr. f. physiol. Chem. 38. 
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to tlie proximal end of the intestine, and in this manner, by the inverted 
peristalsis so obtained, they effected a disturbance in the movement of the 
intestinal contents. It was shown that this obstruction in the small intes- 
tine caused an increased elimination of indican, while an obstruction in the 
large intestine showed no such action. 

The putrefaction of proteins in other organs and tissues besides the in- 
testine may also cause an increase in the indiean of the urine. Certain 
investigators, Blumenthal, Rosenfeld, and Lewin, claim to have shown 
that an increased excretion of indican can be brought about also without 
putrefaction by an increased destruction of tissue in starvation and also 
after phlorhizin poisoning; but these statements are vehemently opposed 
by other investigators, such as P. Mayer, Scholz, and Ellinger, and are 
improbable. The indol, it seems, is not formed from the tryptophane 
(indolaminopropionic acid) as intermediary step in the demolition of the 
proteins in the animal body, but rather from the putrefaction of the trypto- 
phane in the intestine. Gentzen/ has also shown that tryptophane intro- 
duced subcutaneously or per os into the body does not lead to an indican- 
iiria, but only when it is exposed to bacterial decomposition in the large 
intestine. The statements "as to the elimination of indican after oxalic- 
acid poisoning are somewhat contradictory. After poisoning with oxalic 
acid Harnack and y. Leyen found an increased indican elimination, and 
Moraczewski believes he has proved a certain parallelism between the 
quantity of indican and the quantity of oxalic acid in diabetes. Scholz ^ 
obtained, on the contrary, no increase in the excretion of indican after 
oxalic-acid poisoning. 

An increased elimination of indican has been observed in many dis- 
eases,^ and in these cases the quantity of phenol eliminated is also gener- 
ally increased. A urine rich in phenol is not always rich in indican. 

The potassium salt of indoxyl-sulphuric acid, which was prepared pure 
by BAUiUANisr and Brieger from the urine of a dog fed on indol, has since 
been prepared synthetically by Baumann and Thesen,^ by fusing phenyl- 
glycine-orthocarboxylic acid with alkali and then from this producing the 

^ Blumenthal, Arch. f. (Anat. u.) Physiol., 1901, SuppL, and 1902, with Rosenfeld, 
Charite annalen, 27. and Hofmeister’s Beit rage, 5; Lewin, Hofmeister^s Beitrage, 1; 
Mayer, Arch. f. (Anat. u.) Physiol., 1902. Zeitschr. f. klin. Med., 47, and Zeitschr. f, 
physiol. Chem., 29, 32; Scholz, ibid,j 38; Ellinger, ihid,^ 39; Gentzen, ^Mlber die Vors- 
tufen des Indols bei der Eiweissfaulnis im Thierkorper,” Inaug, -Dissert. Kongisberg, 

2 Harnack, Zeitschr. f. physiol, chemie, 29; Scholz, 1. c.; Moraczewski, CentralbL 
f. innere Med., 1903. 

See JaffA Pfluger^s Arch,, 3; Senator, CentralbL f. d. med. Wissensch., 3877; 
G. Hoppe-Seyler, Zeitschr. f. physiol. Chem., 12 (contains older literature); also 

^ Baumann wuth Brieger, Zeitschr, f. physiol, Chem,, 3; wdth Thesen, 23. ' 
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indox}dsulphate 'by mean^ of. potassium ^Dyrosulpliate. It crystallizes . in 
colorless, shining plates or. leaves which are easily soluble in water, but less 
readily in alcohol. It is split by mineral acids into sulphiiric acid and 
indoxyl. The latter without access of air passes into a red compound^, 
indoxyl-red, but in the presence of oxidizing reagents is converted into 
indigo-blue; :2C8H7NO+20 =Ci6HioN 202+2H20^ The detection of iridi- 
can is based on this last fact. 

For the rather complicated preparation of indoxyi-sulphuric acid as the 
potassium salt from urine the reader is referred to other text-books. For 
the detection of indican in urine in ordinaiy cases the following method of 
jAFFij-OBERMAYER, which also serves as an approximate test for the quan- 
tity of indican, is sufficient. 

jAFPii-OBERMAYER’s Indicau Test. Jaff^) uses chloride of lime as the 
oxidizing agent, while Obermayer employs ferric chloride. Other oxidizing 
agents have been suggested, such as potassium permanganate, potassium 
'bichromate, alkali chlorate, and hydrogen peroxide (the latter suggested 
by PoRCHER and Hervieux^). With Obermayer's reagent the test is 
performed as follows: 

The acid urine (if alkaline it must be acidified with acetic acid) (Ellin- 
oer) is precipitated with basic lead acetate, 1 c.c. for every 10 c.c. of 
the urine. 20 c.c. of the filtrate are treated in a test-tube with an equal 
volume of pure concentrated hydrochloric acid (specific gra\dty 1.19) 
which contains 2-4 grams ferric chloride to the liter, and 2-3 c.c. chloro- 
form are added and the mixture immediately thoroughly shaken. The 
chloroform is thereby colored more or less blue, depending upon the 
amount of indican. Besides indigo blue we may also have indigo red pro- 
duced, whose formation has been explained in various ways. The cpiantity 
of indigo red iDecomes greater the more slowly the oxidation takes place, 
and especially when the decomposition takes place in tlie warmth (see the 
works of Rosin, Bouma, Wang, Maillard, and Et;ltngkr2), 

According to Ellinger the source of the iDcligo-red formation may be the 
isatin that is produced by the superoxidatioii of the indoxyl by the action of 
the reagent, and this isatin forms indigo red with the indoxyl in the hydroclilorie- 
acid solution. Maillard, on the contrary, is of the view that tine blue substance 
which is taken up by the chloroform from the urine mixed with iiylroriiloric 
acid is not indigotin (indigo-blue), but another substance, called by him herni- 
indigotin, which in alkaline solution polymerizes immediately into indigotin, 
while in acid reaction it is converted into indirubin (indigo red). 

The chloroform solution of indigo obtained in the indican test raa}^ be 
used in the quantitative colorimetric determination by comparison with a 
solution of indigo in chloroform of known strength (Krauss and Adrian). 


^ Jaffe, Pfliiger's Arch., 3; Obermayer, Wien. klin. Wochenschr., 1S90; Poreher 
and Hervieux, Zeitschr. f. physiol. Chem., 39. 

^ Rosin, Virchow^s Arch.-, 123; Bouma, Zeitsehr. , f . physiol Chem., 27 , 39, 32 , 
39; Wang, ibid., 25, 27, 28; Ellinger, ihid., 38 and 41; Maillard, Bull soc. cilim., Parish 
(3), 29, and Conipt. rend,, 136; also L^indoxyle urinaire et Ics eouleurs qui en derivent, 
Paris, 1903, and Zeitschr.,i; physiol Chem., 4i. _ 
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Wang and others convert the indigo into indigo-sulphonic acid by con- 
centrated sulphuric acid and titrate with potassium permanganate. There 
is still doubt as to the surest and most trustworthy method for the deter- 
mination of indican, and especially as to the question how the indigo resi- 
due is to be washed (see Wang, Bouma, Ellinger, and Salkowsxi and 
for this reason we shall refer only to the works cited above. 

Because of the difficulty arising from the production of indiriibin in 
addition to indigotin, Bouma has recommended the conversion of all the 
indoxyl into indirubin by boiling the urine with hydrochloric acid contain- 
ing isatin. The indirubin can be taken up by chloroform and deter- 
mined by titration with potassium permanganate and sulphuric acid after 
purification of the chloroform residue. Oerum^ has also worked out a 
colorimetric method of estimation based upon Bouma^s method. 

Indol seems also to pass into the urine as a glucuronic acid, indoxyl- 
glucuronic acid (Schmiedeberg) . Such an acid has been found in the urine 
of animals after the administration of the sodium-salt of o-nitro-phenyl- 
propiolic acid (G. Hoppe-Sbyler). Porcher and Hervieux^ have ob- 
tained indoxyl sulphuric acid in dogs and asses under similar conditions. 

Free indigo, and in fact indirubin as well as indigotin, occur in rare eases 
in the undecomposed urine, Grober and Wang ^ have recently observed such 
cases. 

GH 

/\ 

HC C— C.CHg 

Skatoxyl-sulphuric Acid, C 9 H 9 NS 04 = | || 11 , has not 

HC C C.O.SO2OH 

\/\/ 

CH NH 

been positively prepared as a constituent of normal urine, but Otto has 
once prepared its alkali salt from diabetic urine. Perhaps skatox 3 d occurs 
in normal urine as a conjugated glucuronate (Mayer and Neuberg ^), and 
it is believed that the urine contains a skatoi-chromogen from which red and 
reddish-violet coloring-matters are obtained by decomposition with strong 
acids anci an oxidizing agent. 

Skatox}d-sulphuric acid originates, if it exists in the urine, from skatol 
which is formed by putrefaction in the intestine, and which is then conju- 
gated with sulphuric acid after oxidation into skatoxyL That skatol 
introduced into the body passes partly as an ethereal-sulphuric acid into- 
the urine has been shown by Brieger. Indol and skatol act differently, at 
least in dogs; indol producing a considerable amount of ethereal-sulphuric 

^ Krauss, Zeitschr. f. physiol. Chem., 18; Adrian, {bid., 10; Wang, ibid.s 25; Sal- 
kowski, ‘ibfd.j 42. ■ . ' ^ ^ 

2 Bouma, Zeitschr. f. physiol. Cliem., S2; penim, ibid.j 4t5. ' ^ 

® Schmiedeberg, Arch. f. exp. Path. u. Pharm,, 14; G. Hoppe-Seyler, Zeitschr. 1 
physiol. Chem., 7 and S; Porcher and Hervieux,, Joum. de Physiol., 7. ; 

^Grober, Miinch. med. Wochenschr., 1904; Wang, Salkowski^s Festschrift, 1904. 
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acid, while skatol gives only a small quantity (Mestbe^). The state- 
ments are somewhat contradictory on this subject and the behavior is 
somewhat unsettled. According to Staal the chromogen of the skatO| 
red is neither a conjugated sulphuric acid nor a conjugated glucuronic acid. 

The potassium salt of skatoxyl-sulphuric acid is crystalline ; it dissolves 
in water, but with difficulty in alcohol. A watery solution becomes deep 
violet with ferric chloride, and red with concentrated nitric acid. The salt 
is decomposed by concentrated hydrochloric acid with the separation of a 
red precipitate. The nature of this red coloring-matter produced by the 
decomposition of skatoxyl-sulphuric acid is not well known; neither has the 
relationship existing between this and other red coloring-matters in the 
urine been decided. On distillation with zinc-dust the* skatol-chromogen 
yields skatol. 

Urines containing skatoxyl are colored dark red to violet by Jaffe’s indi- 
can test even on the addition of hydrochloric acid alone ; with nitric acid they 
are colored cherry-red, and red on warming with ferric chloride and hydro- 
chloric acid. The coloring-matter which yields skatol with zinc-dust may 
be removed from the urine by ether. Urines rich in skatoxyl darken from 
the surface dowmvard when allowed to stand in the air, and may becbme 
reddish, violet, or nearly black. Rosin is of the opinion that no skatol- 
chromogen exists in human urine, and that the observations made hereto- 
fore w^ere due to a confusion with indigo red or urorosein. It cannot be 
disputed that derivatives of skatol occur in the urine, while the recent in- 
vestigations of Staal, Geosser, Poechee, and Hervieux ^ indicate that 
skatol-redand urorose in are identical or at least closely related pigments. 
Only the formation of skatol by distillation with zinc powder can be con- 
sidered as a positive proof as to the skatol nature of a pigment. 

SaT;KOWSKI has demonstrated that the occurrence of skatol-carboxylic acid 
(indoi acetic acid), CgHs.N.COOH, in normal urine is probable. This is also a 
product of putrefaction. When introduced into the animal body this acid re- 
appears unchanged in the urine. With hydrochloric acid and very dilute ferric- 
chloride solution it gives an intense violet color to the solution. This test 
responds with a watery solution containing 1 : 10 000 of skatol-carboxylic acid. 

Aromatic Oxyacids. In the putrefaction of proteins in the intestine, 
paraoxyphenyl-aceiic acid, C6H4 (OH) .CH2COOH, and faraoxyphenyhfro- 
pionic acid, C6H4(OH).C2pl4*COOH, are formed from tyrosine as an inter- 
mediate step, and these in great part pass unchanged into the urine. The 
quantity of these acids is usually very small. Tlw are increased under the 

^ Brieger, Ber. d. deutsch. chem. Gesellsch., 12, and Zeitschr. f. physiol. Chem., 

2 Rosin, Virchow^s Arch.,. 123; . Staal, , Zeitselir. f. physiol Chem., 4C>; Grosser, 
ibuL, 44; Porcher and Her\deux,,Compt.' rend., 1 S 8 , and Journ. de Physio!., 7. • 
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same conditions as the phenols, especially in acute phosphorus poisoning, 
in which the increase is considerable. A small portion of these oxy acids 
is combined with sulphuric acid. 

•Besides these two oxy acids which regularly occur in human urine w^e 
sometimes have other oxyacids in urines. To these belong homogentisic 
acid and wroleucic acid, the first of which forms the specific constituents of 
the urine in most cases of alcaptonuria, oxymandelic acid, found by Sci-iultzen 
and Riess in urine in acute atrophy of the liver, oxyhydroparacoumafic acid, 
found by Blenderiviann in the urine on feeding rabbits with tyrosine, gallic 
acid, wliich, according to Baumann,^ sometimes appears in horse^s urine, 
and kynurenic acid (oxy quinolincarboxylic acid), which up to the present 
time has been found only in dog’s urine. Although ail these acids do not 
belong to the physiological constituents of the urine, still they will be 
treated in connection with these. 

OTT 

Par aoxyphenylacetic Acid, C8H803=C6H4<j^jj^ 

p-Oxyphenylpropionic Acid (Hydroparacoumaric Acid), CgHioOs^ 

OH 

C 6 H 4 <qjj^ CH 2 COOH' crystalline and are soluble both in water and 

in ether. The one melts at 148® C. and the other at 125^^ C. Both give 
a beautiful red coloration on being warmed with Millon’s reagent. 

To detect the presence of these oxyacids proceed in the following way (Bau- 
mann): Warm the urine for a while on the water-bath with hydrochloric acid 
in order to drive oif the volatile phenols. After cooling shake three times with 
ether, and then shake the ethereal extracts with dilute soda solution, which dis- 
solves the oxyacids, while the residue of the phenols which are soluble in ether 
remains. The alkaline solution of the oxyacids is now faintly acidified with sul- 
phuric acid, shaken again with ether, the ether removed and allowed to evaporated 
the residue dissolved in a little water, and the solution tested with Millon’s, 
reagent. The two oxyacids are best differentiated by their different melting- 
points,. The reader is referred to other works for the method of isolating and 
separating these two oxyacids. 


CeHs^OH (4) . This acid, which was discovered by Marshall ^ and 


Homogentisic Acid (Dioxy pheny lacetic Acid), CgHsO^— 
yOH(l) 

3fOH(4) 

\cH2.COOH(5) 

by him called glycosuric acid, was isolated in larger quantities by Wolkow 
and Baumann in a ease of alcaptonuria and carefully studied by them. 
They called it homogentisic acid because it is a homologue of gentisic acid, 
and they showed that the peculiar properties of so-called alcaptonuric urine 
in this case w^ere due to this acid. This acid has later been found in many 


^ Schultzen and Eiess, Chem. Centralbi., 1869; Blendermann, 2eitschr. 1 physiol. 
Chem., 0, 267; Baumann, ibid,, 6, 193. ■ . . ' . : 

2 The Medical News, Philadelphia, January 8, 1887. „ . ‘ . 
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■cases'^ of alcaptoimria by Embden, Garniek ■ and . Voirin, Ogden,, Garrod; 
and maiw others. Glycosuric acid^ isolated from alcaptoniuic urine by 
Geyg.er,^ seems to be identical with homogentisic acid. 

The quantity of acid eliminated is increased by food rich in protein. On 
the ingestion of tyrosine by persons with alcaptonuria, Wolkow and 
Baumann and Embden observed a greater quantity of homogentisic acid 
in the urine. Since Langstein and E. Meyer showed in a case of alcap- 
tonuria that the quantity of tyrosine in the protein, even when calculated 
to a maximum, was not sufficient to account for the quantity of hoino- 
gentisic acid, and that therefore we must admit of another source (tlie 
phenylalanine) for the alcapton, Ealta and Langstein- have given a 
direct proof that homogentisic acid can also be formed from phenylalanine. 
Tyrosine and phenylalanine are quantitatively converted into homogentisic 
acid in alcaptonuria (Falta). Dibromtyrosine, on the contrary, yields 
as little homogentisic acid as bromine or iodine derivatives of protein 
bodies (Falta). According to the investigations of Langstein and Meyer, 
and especially of Falta, different proteins yield varying quantities of 
homogentisic acid in alcaptonuria, and accordingly larger amounts in pro- 
portion as the protein is rich in tyrosine and phenylalanine. 

Wolkow and Baumann explain the formation of homogentisic acid 
from tyrosine by an abnormal fermentation in the upper parts of the in- 
testine, but this view has now been generally rejected. Homogentisic acid 
is burnt in the healthy organism, and in consonance with the vie\vs of Falta 
and Langstein alcaptonuria is considered as an anomaly in the metabolism. 
O. Neubauer and Falta ^ found in experiments with different aromatic 
substances that the aromatic n:-oxyacids as well as the a:-amino acids de- 
rived from the protein bodies, are converted into homogentisic acid in the 
organism of alcaptonurics. It can be admitted with Falta that the ]}lienyl- 
alanine in the body by deamidation is converted into phenyl-o;-lactic acid, 
C6H5.CH2.CHOH.COOH, from which by taking up two hydroxyl groups 
dioxyphenyl-adactic acid (uroleucic acid), (OH)2C6H3.CH2.CHOH.COOH, 
is formed, and then from this by oxidation dioxyphenylacetic acid (honio- 
gentisic acid)., (OH)2C6H3.CH2.COOH, is produced. Tyrosine also is sup- 
posed to undergo an analogous transformation -whereby a removal of Oil 
groups in the para position must be admitted and in both cases the homo- 
gentisic acid formed is under, normal conditions further destroyed by a 


* Wolkow and Baumann, Zeitschr. f. physiol. Chem., lo; Embden, ihkl., 17 and 
18; Gamier and Voirin, Arch, de Physiol. (5), 4; Ogden, Zeitschr. f. physioL Ciiem,, 
20; Geyger, cited from Embden, 1 c,, 18. 

^ Langstein" and Meyer, DeutscK. 'Arch.- f. 78; Falta and Langstein, Zeit- 

sclir. f. physioL ■ Chem.,; S7; Falta, Der ■•Eiwaiss-Stoffwechsel bei der Alkaptonurie, 
SabiMtationsschrift, Nauinburg S.;' 1904* 

^'Zeitsehr. f.' physioL 
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rupture of the benzene ring. The demolition of the t^^rosine and the 
phemdalanine according to this view takes place in normal organisms by 
vray of the alcap tonic acids, and the metabolic anomaly in alcaptonuria 
consists in that the demolition stops at this point and the property of the 
organism in alcaptonuria of rupturing the benzene ring is absent. 

Garrod/ who has observed several cases of alcaptonuria, has also tabu- 
lated about forty cases- of alcaptonuria wdiich he finds in the literature. 
From this he shows that the anomaly of the protein metabolism occurs 
oftener in males than in females, and also that blood relationship of the 
parents (first cousins) predisposes to alcaptonuria. 

On fusing homogentisic acid with alkali it yields gentisic acid (hydro- 
quinone-carboxylic acid) and hydroquinone. When introduced into the 
intestine of the dog a part is converted into toluhydroquinone, which is 
eliminated in the fonn of an ethereal sulphuric acid. Homogentisic acid 
has also been prepared synthetically by Baumann and Frankel,^ starting 
with gentisic aldehyde. 

Homogentisic acid crystallizes with 1 mol. of water, in large, trans- 
parent prismatic crystals, which become non-transparent at the tempera- 
ture of the room with the loss of water of crystallization. They melt at 
146.5-147^ C. They are soluble in water, alcohol, and ether, but nearly 
insoluble in chloroform and benzene. Homogentisic acid is optically in- 
active and non-fermentable. Its watery solution has the properties of so- 
called aleaptonuric urine. It becomes greenish brown from the surface 
downward on the addition of very little caustic soda or ammonia with 
excess of oxygen, and on shaking it quickly becomes dark brown or black. 
It reduces alkaline copper solutions with even slight heat, and ammoniacal 
silver solutions immediately in the cold. It does not reduce alkaline bis- 
muth solutions. It gives a lemon-colored precipitate wdth Millon's reagent, 
which becomes light brick-red on warming. Ferric chloride gives to the 
solution a blue color which soon disappears. On boiling wuth concentrated 
ferric-chloride solution an odor of quinone develops. With benzoyl chloride 
and caustic soda in the presence of ammonia we obtain the amide of diben- 
zoylhomogentisic acid, wdiich melts at 204^^ G., and -which can be used in 
the isolation of the acid from the urine, and also for its detection (Orton and 
Garrob). Among the salts of this acid must be mentioned the lead salt 
containing: wmter of crystallization and 34.79 per cent Pb. This salt melts 

In order to prepare the acid, heat the urine to boiling, add 5 grams of 
lead acetate for every 100 c.c., filter as soon as the lead acetate has dis- 
solved, and allow tlie*filtrate to stand in a cool place for twenty-four hours 
until it crystallizes (Garrod). The dried, po-wdered lead salt is suspended 
in ether and decomposed by H 2 S. After the spontaneous evaporation of 


^ Med. chimrg. Transact., 1899 (where all known cases are tabulated); also The , 
Lancet, 1901 and 1902; Garrod and Hele, Journ. of Physiol, ^ /, . 

2 Zeitechr. h phyMol. "Chem,, 20. 
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the ether the acid is obtained in nearly colorless crystals (Orton and 

Garrod ^). 

In regard to the quantitative estimation we proceed according to the sug- 
gestion of Baumann by titrating the acid with a N/10 silver solution. As regards 
details of this method the reader is referred to the works of Baumann, C. Tir. 
Morner and Mittelbach, Garrod and Hurtley. Deniges^ has suggested 
another method. 

XJroleucic acid, O9H10O5, is, according to Huppert, probabh^ a dioxyphen}’']- 
lactic acid, C0H3 (OH)2.CH2.CH(OH).COOH. This acid was first prepared by Kiiuv 
from the urine of children with alcaptonuria, which also contained liomogentisic 
acid. Langstein and Meyer ^ have also found a small amount of this acid in 
a case of alcaptonuria studied by them. It melts at 130-133° C. Otherwise, 
in regard to its behavior with alkalies, with access of air, and also with alkaline 
copper solutions and ammoniacal silver solutions, and also Millon’s reagent,, 
it is similar to homogentisic acid. 

Oxymadelic acid, CsHsj04, paraoxyphenylglycoiic acid, HO.CoH4.GH(OH)COOH, 
is, as above stated, found in the urine in acute atrophy of the liver. The acid, 
crystallizes in silky needles. It melts at 162° C., dissolves readily in hot water, 

less in cold water, and readily in alcohol and ether, but not in hot benzene. 

It is precipitated by basic lead acetate, but not by lead acetate. 

CH COH 

HC C C.COOH, 

Kjmurenic acid (r-oxy-/9-quinolincarboxyiic acid), CicHyNOs^ i || | 

HC C CH 

CH N 

has only been found thus far in dogs’ urine; its quantity is increased by meat 
feeding. According to the observations of Glaessner and Langstein, the mother- 
substance seems to be contained among the products of pancreatic digestion 
which are soluble in alcohol and precipitable by acetone. Ellinger * has 
recently been able to show positively that tryptophane is the mother-substance 
of this acid. By the introduction of tryptophane in the organism he has shown 
the formation of a kynurenic acid not only in dogs but also in. rabbits. The 
acid is crystalline, does not dissolve in cold water, rather well in hot alcohol, 
and yields a barium salt which crystallizes in triangular, colorless plates. On. 
heating it melts and decomposes into COo and kynurin. On evaporation to dry” 
ness on the water-bath with hydrochloric acid and potassium chlorate a reddish 
residue is obtained which becomes first brownish green and then emerald-green 
on adding ammonia (Jaffb's reaction ®). 

^ Orton and Garrod, Journ. of Physiol., 27; Garrod, ibid., 23. 

® Mittelbach, Deutsch. Arch. f. klin. Med., 71 (which contains the work of Baumann 
and Morner); Garrod and Hurtley, Journ. of Physiol., Denig's, Chern. Ccntralbl 

At 

^ Huppert, Zeitschr. f. physiol Cliem., 23; Kirk, Brit. Med. Journ., 1886 and l&SS; 
Langstein and Meyer, 1. c. 

Glaessner and Langstein, HofmeistePs Beitrage, 1; Edinger, Ika*. tl d. chern. 
Gesellsch., 37, 1804, and Zeitsclir, f. physiol Cliem., 43. The older literature on 
kynurenic acid may be found in Josephsohn, Beitrage zur Kenntnis der Kynurensaure 
ausscheidung beim Hunde, Inaiig.-Dissert., Konigsberg, 1898. 

® Zeitschr. f. physiol Chern., 7. In regard to kynurenic acid, see also Huppert- 
Neubaiier, 10. Aufl., and Mendel and Jackson, Amer, Journ. of Physiol, 2; Mendel 
and Sclineider, ibid.^ 5; Camps, ’Zeitschr. L physiol Chern., 33. 
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Urinary Pigments and Chromogens. The yellow color of normal urine 
depends perhaps upon several pigments, but in greatest part upon urochrome. 
Besides this the urine seems to contain a very small quantity of hmmiito^ 
'porphyrin as a regular constituent. Uroerythrin also is of frequent occur- 
rence in normal urine, but not always. Finally, the excreted urine when 
exposed to the action of light regularly contains a yellow pigment, urobilin, 
which is derived from a chromogen, urobilinogen, by the action of light 
(Saillet) and air (Jaffe, Disqu^d) and others. Besides this chromogen, 
urine contains various other bodies from w’hich coloring-matters may be 
produced by the action of chemical agents. Humin substances (perhaps 
in part from the carbohydrates of the urine) may be formed by the action 
of acids (v. Udranszky) without regard to the fact that such substances 
may sometimes originate from the reagents used, as from impure amyl 
alcohol (v. Udranszky ^), To these humin bodies developed by the action 
of acid in normal urine when exposed to the air must be added the urophain 
of Heller, the various uromelanins and other bodies described by different 
investigators (Plosz, Thudichum, Schunk^). Indigo-blue {uroglaucin of 
Heller, urocyanin, cyanurin, and other coloring-matters of older investi- 
gators^) is split off from the indoxyl-sulphuric acid or indoxyl-glucoronic 
acid. Red coloring-matter may be formed from the conjugated indoxyl 
and skatoxyl acids, and urohodin (Heller), urorubin (Plosz), urohcsonatin 
(Harley), and perhaps also urorosein (Nencki and Sieber ^) probably 
have such an origin. 

We cannot discuss more in detail the different coloring-matters obtained 
as decomposition products from normal urine. Hiematoporphyrin has 
already been referred to in a previous chapter (VI) and will best be de- 
scribed in connection with the pathological pigments. It only remains to 
describe urochrome, urobilin, and uroerythrin. 

Urochrome is the name given by Garrod to the yellow pigment of the 
urine. Thudichum ^ had previously given the same name to a less pure 
pigment isolated by himself. According to Garrod urochrome is free from 
iron, but contains nitrogen. It stands, it seems, in close relationship to 
urobilin, as Garrod has obtained a urobilin-like pigment by the action of 
impure aldehyde on urochrome, and Riva ^ claims that urobilin yields a 

^ Jaff4, Centralbl. f. d. ined. Wissensch. 1868 and 1869, and Virchow's Arch., 47 ; 
Disqu6, Zeitsclir, f. physiol. Chem., 2; Saillet, Revue de m4decine, 17, 1897. 

®v. Udranszky, Zeitschr. f. physiol. Chem., 11 , 12, and 13. 

^ Plosz, Zeitschr. f. physiol. Chem., 8; Thudichum, Brit. Med. Journ., 201, and 
Journ. f. prakt. Chem., 104; Schimk, cited from Huppert-Neubauer, 10. Aufl., 509. 

See Huppert-Neubauer, 161. 

®In regard to this and other red pigments, see Huppert-Neubauer, 593 and 597; 
Nencki and Sieber, Journ. f. prakt. Chem. (2), 26. , . 

® Garrod, Proceed. Roy. Soc., 55; Thudichum, 1. c. . ; 

^ Garrod, Journ. of Physiol., 21 and 29 ; Eiva, cited from HUppertr-Neubauer, 524. 
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body similar to urochrome on careful oxidation with permanganate. Accord- 
ing to Garkod urobilin can be converted into urochrome l^y CA^aporating its 
aqueous solution containing some ether on the water-bath. The fact that 
urochrome can be transformed into urobilin by means of active acetaldeliyde 
may be. used, according to Garrod, as a means of detecting urochrome. 

Urochrome is, according to Garrod, amorphous, brown, very readily 
soluble in water and ordinaiy alcohol, but less soluble in absolute alcohol. 
It dissolves but slightly in acetic ether, amyl alcohol, and acetone, while it 
is insoluble in ether, chloroform, and benzene. Urochrome is precipitated 
by lead acetate,, silver nitrate, mercuric acetate, phosphotungstic and phos- 
phornolybdic acids. On saturating the urine with ammonium sulphate a 
great part of the urochrome remains in solution. It does not show any 
absorption-bands and does not fluoresce after the addition of ammonia and 
zinc chloride. Urochrome is very readliy decomposed, with the formation 
of brown substances, by the action of acids. According to Klemperer,^ 
urochrome contains 4.2 per cent nitrogen. 

Urochrome can be prepared according to a rather complicated method 
which is based upon the fact that the substance remains in great part in 
solution on saturating the urine with ammonium sulphate. If the proper 
quantity of alcohol is added to the filtrate, a clear, yellow alcoholic layer 
forms on the salt solution, which contains the urochrome and which can 
be used for the further preparation of the latter (see Garrod, 1. c.). 
Klemperer, on the contrary, removes the pigment from the urine by 
means of animal charcoal, washes it with water to remove the indican 
and other bodies, and then extracts with alcohol and uses this alcoholic 
extract for the further purification according to Garrod. 

The urochrome can be quantitatively estimated, according to Klem- 
perer, by a colorimetric method, using a solution of true 3 ^ellow G. If 
0.1 gram of this dye is dissolved in 1 liter of water and 5 c.c. of tliis solu- 
tion diluted to 50 c.c. with water, then this solution has the same color and 
shade as a 0.1 per cent urochrome solution. The urine must be diluted 
with water until it^has the same depth of color. The comparison is per- 
formed in vessels with parallel walls. 

Urobilin is the pigment first isolated from the urine by and 

which is characterized by its strong fluorescence and by its absor|:)tion- 
spectrum. Various investigators have prepared from the urine by different 
methods pigments which differed slightly from each other but behaved 
essentially like Japfe’s urobilin. Thus different urobilins have been sug- 
gested, such as normal, febrile, physiological, and pathological 


’ Berlin. Idin. Woehenschr,, 40. 

; ■ = Oentralbl. f., d. med. WissenscL,. 1868 and 1869, and Virchow’s Arch., 4?. 

; ^See MacMimn, Proc. Roy, Soe., 31 and 35; . Ber. d. deutsch. chem. GcscllRch., 14, 
and Joum. of Physiol., 6 and 10; Bogoinoloff,, Maly’s Jahresber., 22; Eichholz, Journ. 
of Physiol., 14; Adr JpII®, Pfiager's ,.^h., 6 
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The possibility of the occurrence of diSerent urobilins in the urine cannot 
be denied; but as urobilin is a readily changeable body and difficult to 
purify from other urinary pigments, the question as to the occurrence of 
different urobilins must still be considered open. According to Saillet ^ 
no urobilin exists originally in human urine, but only the mother-substance 
of the same, urobilinogen, from which the urobilin is formed in the excreted 
urine by the influence of light. ■' 

Urobilin-like bodies, so-called urobilinoids, have been prepared from 
bile-pigments as well as blood-pigments, and indeed by oxidation as well as 
reduction. Maly obtained his hydrobilirubin by the reduction of bilirubin 
with sodium amalgam, and Disqu6 obtained a product wffiich is still more 
similar to urobilin, while Stokvis prepared by the oxidation of cholecyanin 
with a little lead peroxide a choletelin which acted very much like urobilin. 
Hoppe-Seyler, Le Nobel,. Nencki and Sieber have obtained urobilinoid 
bodies by the reduction of hsematin ahd hsematoporphyrin with tin or zinc 
and hydrochloric acid, while MacMtjnn^ obtained by the oxidation of 
hsematin with hydrogen peroxide in alcohol containing sulphuric acid a 
pigment which seemed to be identical with urinary urobilin. It is apparent 
that all these urobilins cannot be identical. 

Many investigators declare that urobilin is identical with hydrobilirubin, 
but according to the researches of Hopkins and Garrod ^ this view is not 
correct, because, irrespective of other small differences, each body has 
an essentially distinct composition. Hydrobilirubin contains C 64.68, 

H 6.93, N 9.22 (Maly), while urinary urobilin, on the contrary, contains 
C 63.46, H 7.67, N 4.09 per cent. The urobilin from faeces, stercohilm, 
has the same composition as urinary urobilin with 4.17 per cent nitrogen. 

L^rinary urobilin may not be identical with hydrobilirubin, but this does 
not exclude the possibility that urobilin, according to the generally ad- 
mitted view, is derived from bilirubin (although not by simple reduction 
and taking up water) in the intestine. Several ph^^siological as well as 
clinical observations ^ speak for this view, among which w'e must mention 
the regTilar appearance in the intestinal tract of stercobilin, undoubtedly 
derived from the bile-pigments and having the same composition as urinary 
iiro]:)ilin, the absence of urobilin in the urine of new-born infants as w^ell as 

^ Tleviie de mMecine, 17, 1897. 

^Maly, Ann. d. Chem. u. Pharm., 103; ,Disqu4, Zeitschr. f. physiol. Cliem., 2; 
Stokvis, Gentralbi. f. d. med. Wissensch., 1873, 211 and 449; Hoppe-Seyier, Ber. d. 
deiitsch. chem. Gesellsch., 7; Le Nobel, Pfliiger's Arch., 40; Nencki and Sieber, 
Monatshefte f. Chem., 0, and Arch. f. exp. Path, u. Pharm., 24; MacMimn, Proc. Roy. 

■00G.;f 

:2;:; of ;:Pi3y 

^ See Fr. Muller, Schles. Gesellsch. f. vaterl. Kultur, 1892; D. Gerhard t, '^Ueber, ' 
Hydrobilirubin und seine Bezieh. zum Iktiems’^ (Inaug.-Biss., Berlin/ 1889); Beck, 
Wien. kiin. Wochenschr., 1895; Harley, BriL Med.- Jonm.,r;1896.‘ ^ ' . ■ 
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on the complete exclusion of bile from the intestine, and also the increased 
elimination of urobilin with strong intestinal putrefaction. On the other 
hand there are investigators who, basing their opinion on clinical observa- 
tions, deny the intestinal origin of urobilin and claim that the urobilin is 
derived from a transformation of the bilirubin elsewhere than in the intes- 
tine, b}^ an oxidation of the bile-pigment or by a transformation of the 
blood-pigments d The possibility of a different mode of formation of uri- 
nary urobilin in disease is not to be denied; but there is no doubt that 
this pigment is formed from the bile-pigments in the intestine under physio- 
logical conditions. 

The quantity of urobilin in the urine under physiological conditions is 
very variable. Saillet found 30-130 milligrams and G. HoPFE-SEYnEE 
80-140 milligrams in one day^s urine. 

There are numerous observations on the elimination of urobilin in 
disease, especially by jAFEis, Disquei, Gerhaedt, G. HoppE-SEYLEEd and 
others. The quantity is increased in hemorrhage and in such diseases 
where the blood-corpuscles are destroyed, as is the case after the action of 
certain bood-poisons, such as antifibrine and antipyrine. It is also in- 
creased in fevers, cardiac diseases, lead colic, atrophic cirrhosis of the liver, 
and is especially abundant in so-called urobilin icterus. 

The properties of urobilin may be different, depending upon the method 
of preparation and the character of the urine used; therefore only the most 
I important properties will be given. Urobilin is amorphous, brown, reddish 

brown, red, or reddish yellow, depending upon the method of preparation. 
It dissolves readily in alcohol, amyl alcohol, and chloroform, but less 
readily in ether or acetic ether. It is less soluble in water, but the solu- 
bility is augmented by the presence of neutral salts. It may be com- 
pletely precipitated from the urine by saturating with ammonium sulphate, 
especially after the addition of sulphuric acid It is soluble in 

alkalies, and is precipitated from the alkaline solution by the addition of 


acid. It is partly dissolved by chloroform from an. acid (w'atery -alcoholic) 
solution; alkali solutions remove the urobilin from the chloroform. The ^ 

neutral or faintly alkaline solutions are precipitated by certain metallic ^ 

salts (zinc and lead), but not by others, such as mercuric sulphate. Uro-* 
bilin is precipitated from the urine by phospho tungstic acid. It does not 
give Gmelin's test for bile-pigments. It gives, on the contrary, a roaetion 


^ In regard to the various theories as to the formation of urobilin, see Harley, 
Brit. Med. Joum., 1896; A. Katz., Wien, med, Wochensclir., 1891, Nos. 28-32; Grimm, 
Virchow's Arch., 132; Zoja, Conferenze cliniche italiane, Ser. la, 1. 

regard to the literature on this subject we refer the reader to B. Gerhardt, 
^^tJeber Hydrobilirubin und seine Beziehungen zum Ikterus^’' (Berlin, 1889), and 
■ also G. Hoppe-Seyler, Virchow's Arch,, 124 . ' ' ' 

. ■' ® J'oum. de Pharm. et CMm., 1878,' cited' from I^bly's Jahresber., 8. 
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which may be mistaken for the biuret test, by the action of copper sulphate 
. and alkalid 

Neutral alcoholic urobilin solutions are in strong concentration brownish 
yellow, in great dilution yellow or rose-colored. They have a strong green 
fluorescence. The acid alcoholic solutions are brown, reddish yellow, or 
rose-red, according to concentration. They are not fluorescent, but show a 
faint absorption-band, 7*, between 6 and F, which borders on F, or in greater 
concentration extends over F. The alkaline solutions are brownish yellow, 
yellow, or (the ammoniacal) yellowish green, according to concentration. 
If some zinc-chloride solution is added to an ammoniacal solution of the pig- 
ment it becomes red and shows a beautiful green fluorescence. This solu- 
tion, as also that made alkaline with fixed alkalies, shows a darker and more 
shaiply defined band, d, between 5 and F, almost midway between E and F. 
If a sufficiently concentrated solution of urobilin alkali is carefully acidi- 
fied with sulphuric acid it becomes cloudy and shows a second band exactly 
at E and connected with by a shadow (Garbod and Hopkins, Saiulet ^). 

Urobilinogen is colorless or is onl}^ slightly colored. Like urobilin it is 
precipitated from the urine by saturating with ammonium sulphate. Ac- 
cording to Saillbt it may be extracted by acetic ether from urine acidi- 
fied with acetic acid. It dissolves also in chloroform, ethyl ether, and amyl- 
alcohoL It shows no absorption-bands and is readily converted into 
urobilin by the influence of sunlight and oxygen, and, according to Neu- 
BAUER and Bauer, ^ gives the Ehrlich reaction with dimethylamido- 
benzaldehyde and hydrochloric acid (see below). 

In preparing urobilin from normal urine, precipitate the urine with 
basic lead acetate (jAFFi), wash the precipitate with water, dry at the 
ordinary temperature, then boil it with alcohol, and decompose it when 
cold with alcohol containing sulphuric acid. The filtered alcoholic solution 
is diluted with water, saturated with ammonia, and then treated with zinc- 
chloride solution. This new precipitate is washed free from chlorine with 
water, boiled with alcohol, dried, dissolved in ammonia, and this solution 
precipitated with sugar of lead. This precipitate, which is Washed with 
water and boiled with alcohol, is decomposed by alcohol containing sul- 
phuric acid, the filtered alcoholic solution is mixed with vol. chloroform, 
diluted with water, and shaken repeatedly, but not too energetically. The 
urobilin is taken up by the chloroform. This last is washed once or twice 
with a little water and then distilled, leaving the urobilin. The pigment 
may be precipitated directly from the urine rich in urobilin by ammonia 
and zinc chloride, and the precipitate treated as above described (Jaff£i). 


^.See Salkowsld, Berlin, klin. Wochenschr., 1897, and Stokvis, Zeitschr. f, Biologie, 
^ Garrod and Hopkins, Journ. of Physiol., 20; Saillet, 1. e. 

^Neiibaner, cited from Centralbl f. Physiol., 10, 145; Bauer, cited, from;. Biochem. 
CentralbL, 4, 390. 
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The method suggested by (precipitation with ammoniiini sub 

phate) has been modified by Gareod and Hopkins in that they first re- 
move the uric acid by saturating with ammonium chloride and then saXii- 
rating the filtrate with ammonium sulphate. The precipitated urobilin is 
thus made purer than by saturating with the sulphate directly. The 
urobilin is extracted from the dried precipitate l.)y a great deal of water, 
reprecipitated by ammonium sulphate, and this procedure repeated S 0 \^n’ai 
times if necessary. The dried precipitate finally obtained is dissr^b/ed in 
absolute alcohol. In regard to small details, and to a second method sug- 
gested by these experimenters, we refer to the original work.^ 

Saillet extracts the urobilinogen from the urine by shaking with acetic 
ether, using a kerosene-oil light.^ 

The color of the acid or alkaline solution, the beautiful fluorescence of 
the ammoniacal solution treated with zinc chloride, and the absorption- 
bands of the spectmm, all serve as means of detecting urobilin. In fever- 
urines the urobilin may be detected directly or after the addition of ammo- 
nia and zinc chloride by its spectrum. It may also sometimes be detected 
in normal urine, either directly or after the urine has stood exposed to the 
air until the chromogen has been converted into urobilin. If it cannot 
be detected by means of the spectroscope, then the urine may be treated 
with a mineral acid and shaken with ether or, still better, with amyl alcohoL 
The amyl-alcohol solution is, either directly or after addition of a strongly 
ammoniacal alcoholic solution of zinc chloride, tested spectroscopically. 
According to Schlesinger ^ it can be readily detected if the urine is pre- 
cipitated by an equal volume of a 10 per cent solution of zinc acetate in 
absolute alcohol. Disturbing bodies are here precipitated and the filtrate 
gives the fluorescence directly, and also the spectrum. Grimbert^ has 
given another comparatively simple method. 

In the quantitative estimation of urobilin we proceed as follows, accord- 
ing to G. Hoppe-Seyler: ^ 100 c.c. of the urine is acidified with vSiilphuric 
acid and saturated with ammonium sulphate. The precipitate is collected 
on a filter after some time, washed with a saturated solution of ammonium 
sulphate, and repeatedl}^ extracted with equal ]iarts of alcohol and chloro- 
form after pressing. The filtered solution is treated with water in a sepa- 
ratory funnel until the chloroform separates well and becomes clear. The 
chloroform solution is evaporated on the water-bath in a weighed beaker, 
the residue dried at 100^ C., and then extracted with ether. The ethereal 
extract is filtered, the residue on the filter dissolved in alcohol, anti trans- 
ferred to the beaker and evaporated, then dried and weighed. According 
to this method G. Hoppe-Seyler found 0.08-0.14 gram of urobilin in one 
day^s urine of a healthy person, or an average of 0.123 gram. 

Urobilin may also be determined spectrophotometricafly according to Fk. 
MtTLLER or Saillet.® Saillet found that the limit for the j;)erceptil.)ility of 


^ Journ. of Physiol., 20. 

^ In regard to this and other methods, we must refer the reader to special works. 
^Deutsch. med. Wochensehr., 1903. 

See Chem. CentralbL, 1904, 1, 1623. 

® Fr. 'Muller, see Huppert-Heufoauer, 861; Saillet, I. c. , - , ■ 



UROERYTHYRIN. 


607 


tlie absorption-bands of an acid-urobilin solution lies in a concentration of 
1 milligram of urobilin in 22 c.c. of solution when the thickness of the layer of 
fluid is 15 mm. In a quantitative estimation the urobilin soiiition is diluted to 
this limit and then the quantity of urobilin calculated from the extent of dilu- 
tion. The freshly voided urine, shielded from light, is acidified with acetic acid, 
completely extracted in kerosene-oil light with acetic ether, and the dissolved 
urobilinogen oxidized to urobilin with nitric acid. On the addition of ammonia 
and shaking with water the urobilin passes into the watery solution. This is 
acidified with hydrochloric acid and diluted until the above limit is reached. 

Uroerythrin is the pigment which often gives the beautiful red color to 
the urinary sediments {sedimentum lateritium). It also frequently occurs, 
although only in very small quantities, dissolved in normal urines. The 
quantity is increased after great muscular activity, after profuse perspira- 
tion, immoderate eating, or partaking of alcoholic drinks, as wnll as after 
digestive disturbances, fevers, circulatory disturbances of the liver, and in 
many other pathological conditions. 

Uroerythrin, which has been especially studied by Zoja, Riva, and 
Garkod,^ has a pink color, is amorphous, and is very quickly destroyed by 
light, especially when in solution. The best solvent is amyl alcohol; acetic 
ether is not so good, and alcohol, chloroform, and water are even less valu- 
able. The very dilute solutions show' a pinlc color; but on greater con- 
centration they become reddish orange or bright red. They do not fluoresce 
either directly or after the addition of an ammoniacal solution of zinc chlo- 
ride; but they have a strong absorption, beginning in the middle between 
D and E and extending to about F, and consisting of two bands which 
are connected by a shadow^ between E and h. Concentrated sulphuric acid 
colors a uroerythrin solution a beautiful carmine-red; h3^drochloric acid 
gives a pink color. Alkalies make its solutions grass-green, and often a 
play of colors from pink to purple and blue is observed. Porcher and 
Hervieux ^ claim that uroerythrin is a skatol pigment. 

In preparing uroerythrin according to Garrod, the sediment is dissolved 
in water at a gentle heat and saturated with ammonium chloride, which pre- 
cipitates the pigment with the ammonium urate. This is purified by repeated 
solution in water and precipitation with ammonium chloride until all the urobilin 
is removed. The precipitate is finally extracted on the filter in the dark with 
warm water, filtered, then diluted with water, any hsematoporph^Tin remaining 
Ixdng removed by shaking with chloroform ; the precipitate is then faintly acidi- 
fied with acetic acid and shaken with chloroform, which takes up the uroerythrin. 
The chloroform is evaporated in the dark at a gentle heat. 

• Volatile fatty acids, such as formic acid, acetic acid, and perhaps also butyric 
acid, occur under normal conditions in human urine (v. Jaksch), also in that of 


^ Zoja, Arch. ital. di cliniea med., 1893, and CentralbL f. d. med. Wissensch., 1892; 
Eiva, Gaz. med. di Torino, Anno 43, cited from Malyhs Jahresber., 24; Garrod, Journ. 
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do^s and herbivora (Schotten). The acids poorest in carbon, such as formic 
acid and acetic acid, are more constant in the body than those richer in carbon, 
and therefore the relatively greater part of these pass unchanged into the urine 
(Schotten). Normal human urine contains besides these bodies others which 
yield acetic acid when oxidized by potassium dichromate and suiphiiric acid 
(v. Jaksch). The quantity of volatile fatty acids in normal urine calculated as acetic 
acid is, according to v, Jaksch, 0.008-0.009 gram per twenty-four hours; accord- 
ing to V. Rokitansky, 0.054 gram; and according to MAGNus-LEvy, 0.060 grain. 
Th^e quantity is increased by exclusively farinaceous food (Rokitansky), in 
fever and in certain diseases, while in others it is diminished (v. Jaksch, Rosen- 
feld). Large amounts of volatile fatty acids are produced in the alkaline fer- 
mentation of the urine, and the quantity is 6-15 times as large as in normal urine 
(SALKOvrsKi 0. Nonvolatile fatty acids have been detected as normal con- 
stituents of urine by K. Morner and Hybbinbtte.^ 

Paralactic Acid. It is claimed that this acid occurs in the urine of healthy 
persons after very fatiguing marches (Colasanti and Moscatelli). It is found 
in larger amounts in the urine in acute phosphorus-poisoning or acute yellow 
atrophy of the liver (Schultzen and Riess), and especially abundant in eclampsia 
(Zweipel). According to the investigations of HqppE-SEYBER, Araki, and v. 
Terr AY lactic acid passes into the urine as soon as the supply of oxygen is de- 
creased in any way, and this probably explains the occurrence of lactic acid in 
the urine after epileptic attacks (Inouye and Saiki). Minkowski ® has shown 
that lactic acid occurs in the urine in large quantities on the extirpation of the 
liver of birds. 

Glycerophosphoric acid occurs as traces in the urine, and it is probably a 
decomposition product of lecithin. The occurrence of succinic add in normal 
urine is a subject of discussion. 

Carbohydrates and Reducing Substances in the Urine. The occurre^gs 
oi dextrose as traces in normal urine is highly probable, as the investigations 
of Brucke, Abeles, and v. Udranszicy show. The last investigator has 
also shown the habitual occurrence of carbohydrates in the urine, and 
tiieir presence has teen positively proved by the investigations of Raumakn 
and Wedenski, and especially by Baisch. Besides dextrose normal urine 
contains, according to Baisch, another not \vell-studied variety of sugar; 
according to Lemaiee, probably isomaltose is present, and besides this a 
dextrin-like carbohydrate (animal gum), as shown by Landwehr, Weden- 
SKi, and Baisch. The quantity of carbohydrates eliminated under normal 
conditions in the twenty-four hours^ urine and determined by the ])enzoviu- 


Jaksch, Zeitsehr. f. physiol. Chem., 10; Schotten, ibid.,, 7; Rokitansky, Wien, 
med. Jahrbuch, 1887; Salkowski, Zeitsehr. f. physiol. Chem., Ri; Magmis-Levy^ Bal- 
kowskiA Festschrift, 1904; Rosenfeid, Deutsch. med. Wochensehr., 29. 

^ Skand. Arch. f. Physiol., 7. 

^ Colasanti and Moscatelli, Moleschott^s Untersuch., 14; Schultzen and Reiss, 
Cliem. CentraibL, 1869; Zweifel, Arch. f. Oynakoi, 70; Araki, Zeitsehr. f. physiol. 
Chem., 15, 10, 17. 19. See also Irisawa/fhfd.,' 17; v. Terray, POuger^s Arclt, 05; 
Schiitz, Zeitsclir. t physiol. Chem., 19; Inouye and Saiki, ibid., S7; Minkowski, Arch. 

'f. ' exp. Path. u.'Pfc 81.""" " 

< See Fasqualis^ Maly’s 'Jalu*esber., 24. 
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tion method; /wMch . is not sufficiently trustworthy,, varies consid-. 

erabiy .between 1.5 and 5.09 .grams.^' ■■ 

The precipitate obtained from concentrated urine by the aid of alcohol and 
whose nitrogen (colloidal nitrogen according to Salkowski) in normal urine 
amounts to 2.34-4.08 per cent of the total nitrogen and in pathological urines to 
8-9 per cent, and in a case of acute yellow atrophy of the liver to 21.8 per cent, 
contains, according to Salkowski,^ a nitrogenous carbohydrate which has strong 
reducing action upon alkaline copper solutions after cleavage with hydro chloric 
acid. . ' . • . 

Besides traces of sugar and the reducing substances previously men- 
tioned, uric acid and creatinine, the urine contains still other bodies of this 
character. These latter are partly conjugated compounds of glucuronic 
acid, CqU'ioO^, which is closely allied to dextrose. The reducing power of 
normal urine corresponds, according to various investigators, to 1.5-5.96 
p. m. dextrose.'^ That portion of the reduction belonging to dextrose 
alone is equal to O.l-O.G p. m. 

Several new’* methods for the determination of the reducing power of the urine 
have been suggested.^ 

Conjugated, ghicoronates occur, as indicated by Fluckiiger and first 
positively shown by IMayer and Neuberg,^ in very small amounts in nor- 
mal urine. They occur chiefly as phenol- and only Yexy small amounts 
of indoxyl- or skatoxylglucuroiiates. The quantity of glucuronic acid 
obtained from the conjugated glucuronates is estimated as 0.04 p. m, by 
■jMayer and Neuberg. Besides these conjugated glucuronates perhaps 
sometimes the urine contains the urea glucuronic acid, the ureidoglucu- 
ronic acid prepared synthetical^ by Neuberg and Neimann.^ 

Very large amounts of these conjugated glucuronates occur in the urine, 
on the other hand, after partaking of various tlierapeutic agents and other 
substances, such as chloral hydrate, camphor, naphthol, borneol, turpeu; 
tine, morphine, and maii}^ other substances. The elimination of glucuronic 
acid may be markedly increased in severe disturbances of the respiration, 
severe dyspnoea, in diabetes mellitus, and by the direct introduction of large 
amounts of dextrose. According to P. Mayer, as stated on page 122, in the 
oxidation of dextrose a part of it forms glucuronic acid, hence it is to be 

^ Lemaire, Zeitsclir, f. physiol, Cliem., 21; Baisch, ibid,, 18, 19, and 20. In these 
as well as in Treupel, ibid., 10, the works of other investigators are cited. See also 
V, Alfthan, Deutsch. med. Wochenschr,, 26. 

■'Berlin, kiln. Woclienschr., 1905. ’ 

2 Fliickiger, Zeitschr. f, physiol. Chem., 0. See also Huppert-Neiibauer, page 72/ , 

** See Rosin, Munch, med. ’Wochenschr., 46; Niemilowicz, Zeitschr.T. physiol. Chem./ 
36; Niemilowicz with Gittelmacher-Wilenko, ibid.:, 36, and Holier, Compt. rend., 129. 

® Zeitschr. f. physiol. Chem., 44. 
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expected that the glucuronic acid can in part be derived from the dex- 
trose. As a conjugation of the glucuronic acid with other bodies, such 
as aromatic atomic complexes, prevents the combustion of this acid in 
the animal body, it ought to follow that after the introduction of such 
an atomic complex in the body during a glycosuria a corresponding 
reduction of the glucose elimination would take place with the increased 
excretion of conjugated glucuronates. In order to prove this possibility 
0. Loewi ^ fed dogs with camphor during phlorhizin diabetes and found 
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that the above expectation was not realized. Although large quantities of 
campho-glucuronic acid were excreted, the sugar excretion \Yas only slightly 
diminished and not in proportion to the quantity of conjugated glucuronate 
excreted. These negative results are contradicted by the positive results 
obtained by Paul Mayee.^ Normally rabbits convert nearly all the 
camphor introduced into conjugated glucuronic acid. According to ^Iayee 
if we allow a rabbit to starve several days the animal becomes so poor 
in the mother-substance (glycogen) yielding the glucuronic acid that the 
introduction of camphor only brings about an elimination of small quanti- 
ties of glucuronic acid. By the simultaneous administration of camphor 
and dextrose -while starvation is going on, the elimination of glucuronic 
acid rises again to the same height as it was before the starvation period. 
This shows that the sugar had conjugated itself with the camphor as glucu- 
ronic acid. Hildebrandt ^ has also made experiments showing that glucu- 
ronic acid can very likely be formed from sugar. The observations of 
Mayee are not substantiated by the recent investigations of Fenyvessy;^ 
and the statements on this question are contradictoiy . 

The conjugated glucuronic acids are formed, ])ased upon the investi- 
gations of SuNDWiK, Fischer and Piloty,^ by a combination tagkin j)lace 
first between the conjugator and the dextrose by means of the aldehyde 
group, and then the end alcohol group, Cli^OH, is oxidized to COOH. The 
conjugated glucu.ronic acids at least in most cases seem to l:)e constructed 
after the glucoside type, a view which has received further support by 
the synthesis of phenolglucuronic acid and euxanthonglucuronic acids !\v 
Neuberg and Neimann.^^ Based upon their cleavage (as far as they have 
been investigated) by kephir lactase and emulsion, but not by yeast lactase 
(Neuberg and Wohlgemuth 7), the conjugated glucuronic acids must. 


^ Arch, f. exp. Path, ii. Pharm., 47. 

® Arch. f. exp. Path. u. Pharm., 44. 

•* See Malyhs Jahresber., A,, 

, Sundwik^ Akademische Abhandlupg', Helsingfors, 1886; see also 'Malyhs. 
Jahresber., lH, 76; 'Fischer and Piloty,,Ber.'d. d. ciiem, Gesellsch, 24. '■ 

' ^ See Neuberg, Ergebnisse der Fhysiologie, Bd. % Abt. 1, 444* : 


^ f ORGANic-w CONTAINING, sulmur:;:'^^ ■ ^ 

belong to the /5-'Series of giucosides. The ureidoglucuronic acid is still not 
constracted upon the gliicoside type, but according to the aldehydimine 
type/H 2 N.CO.N.CH.(CHOH) 4 COOH. The reducing urochloralic acid can 
hardly be built upon the .glucoside type. 

. , According to the body with which they are conjugated the .glucuronates 
show different behavior; they all rotate the plane of polarization to the 
left,, .while, the ..glucuronic, acid, itself "is .dextrorotatory. . On taking, up 
water they split into glucuronic acid and the conjugated group. They are 
precipitated by basic lead acetate or by basic lead acetate and ammonia. 
Most of the conjugated glucuronic acids do not have a reducing action. A 
few reduce copper oxide and certain other metallic oxides in alkaline solu- 
tion and hence cause errors in the investigation of the urine for sugar. As 
the detection of conjugated glucuronic acids is connected with the tests for 
sugar in the urine, we will treat of this in connection with these tests. 

Organic combinations containing sulphur of unknown kind, which may 
in small part consist of siilphocyanides , 0.04 (Gscheidlen)~0.11 p. m. 
(I. Muxk^), cystine or bodies related to it, tonne derivatives, ckrondroitin- 
sulphuric acid and protein bodies, but in greater part are made up of antoxy- 
proteic acid, oxyproteic acid, alloxyproteic acid , and uroferric acid, are found 
in human as well as in animal urines. The sulphur of these mostly unlvnown 
combinations has been called ^^neutral/^ to differentiate it from the ^^acid^' 
sulphur of the sulphate and ethereal-sulphuric acids (Salkowski^). The 
neutral sulphur in normal urine as determined by Salkowski is 15 per 
cent, by Stadthagen 13.3-14.5 per cent, and by Lupine 20 per cent, and 
Haknack and Kleine ^ 19-24 per cent of the total sulphur. In starvation, 
according to Fr. Muller, with insufficient supply of oxygen (Rbale and 
Boeri, Harnack and Kleine), as in chloroform narcosis (East and 
Mester), as also after the introduction of sulphur (Presch and Yvon^), 
the quantity of neutral sulphur is increased. The quantity of neutral 
sulphur varies, according to Benedict, within rather narrow limits and 
especially, according to Folin, is dependent to a less degree than the sul- 
phate excretion upon the extent of the protein metabolism. The relation- 
ship between the neutral and acid sulphur depends in the first place upon 
the extent of the sulphuric-acid excretion. According to Harnack and 
Kleine,^ the relationship of the oxidized sulphur to the total sulphur 

^ Gscheidlen, Pfliiger^s Arch., 14; Munk, Virchow^s Arch., 69. 

® Ibid,, 58, and Zeitschr. f. physiol. Chem., 9. 

2 Stadthagen, Virchow's Arch., 100; L4pme, Compt. rend., 91 and 97; Harnack 
and Kleine, Zeitschr. f. Biologie, S7. 'b ' ■ V ' 

Fr. Miiller, Bed. klin. Wochenschr., 1887; Reale and Boeri, Maly's Jahresber., 24; 
Harnack and Klefne, L c.; Presch, Virchow’s Arch., 119; Yvon, Arch, de Physiol 
( 5 ), 10 . ^ ^ 

® Benedict, Zeitschr. f. klin, Med., 36; • Harnack and Kleine, 1. c.; Pp|j% ,;4^er.’ 
Journ. of Physiol, 13. 
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clianges.' always in the. same 'way -as ■the'relationsliip. of the nitrogen of .:tEe 
urea/: to ^ then total nitrogen. ■ The more 'mioxidizednsiilphiir ' is eliminated; 
the more abundant are the nitrogen compounds, not urea, in the raine~a 
statement ' which coincides' with .recent observations showing that, the 
iieiitrai .sulphur, originates ■chiefly from the oxyproteic acid, the alio xy- 
proteic acid, and the uroferric acid. 

According to Lepine, a part of the neutral sulphur is more readily oxidized 
(directly with chlorine or bromine) into sulphuric acid than the othei', which is 
only converted into sulphuric acid after fusing with potash and saitpUer. Accord- 
ing to the investigations of W. Smith/ it is probable that the most unoxidizable 
part of the neutral sulphur occurs as sulpiio -acids. An increascHl elimination of 
neutral sulphur has been observed in various diseases, such as pneumonia, cysti- 
nuria, and especially where the flow of bile into the intestine is pi'e vented. 

The total quantity of sulphur in the urine is determined by fusing the solid 
urinary residue with saltpeter and caustic alkali. The quantity of neutral sulphur 
is determined as the difference between the total sulphur and the sulphur of the 
sulphate and ethereal-sulphuric acids. The readily oxidizable part of the neutral 
sulphur IB determined by oxidation with bromine or potassiuni chlorate and 
hydrochloric acid (Lepine, Jerome^). 

Sulphuretted hydrogen occurs in the urine only under abnormal conditions 
or as a decomposition product. This compound may be produced from the 
neutral sulphur of the organic substances of the urine by the action of certain 
bacteria (Fr. Muller, Salkowski ^). Other investigators have given hypo- 
sulphites as the source of the sulphuretted hydrogen. The occurrence of hypo- 
sulphites in normal human urine, which is asserted by lisFii’TER, is disputed by 
Salkowski and Presch.*^ Hyposulphites occur constantly in cat’s urine and, 
as a rule, also in dog’s urine. 


A ucfd is a nitrogenous acid containing sulphur whicii Boxd- 

ZYNSKT, Dombroivski, and Panek^ have isolated from human urine. The 
composition of the acid was: G 43.21, H 4.91, N 24.4, S 0.61, and O 
26,33 per cent. A prnt of the sulphur can be split off by alkali. Tliis acid 
is soluble in winter, is dextrorotatory, and is precijutated only from con- 
centrated solution by phosphotungstic acid. It does not give the ])rotciii 
color reactions, but gives EhrliciPs diazo-reaction (see below). The salts 
with the alkalies, l 3 aiiiim, calcium, and silver are soluble in water, and of 
these salts that with barium and, to a still higher degree, the sii\'cr salt are 
soluble with difficulty in. alcohol. The free acid and its salts are i‘)reci|>i- 
tated by mercuric nitrate and acetate, and l.)y this last reagent even from 
solutions strongly acidified with acetic acid. Basic iea<i acota.te docs not 
precipitate the pure acid. 

Oxyproteic acid is the name given by Bondzinski and Gottlieb ^ to a ^ 


^ Lepine, 1. e.; Smith, Zeitschr. f. physiol. Chem., 17. 

* Jerome, Pfiiiger's Arch,, 00. 

Fr. Muller, Berlm. kiin. Wocheiischr., tSS7; Salkowski, ibid.f 1888. 

/ Heffter,' PI!uger's,,Arch., SS/.Saikowski/'M., 30; Frcsch, Virchow's Arck, 110. 
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nitrogenous acid contaiiiing sulphur and which they prepared from human 
urine, which has recently been further studied by Bondzynski, Dom- 
BROwsEi and Panek. 'This acid contained C 39.62, H5.64, N 18.08, S 1.12, 
and O 35,54 per cent, and also contains sulphur which could be split off. 
On cleavage it yields no tyrosine, nor does it give Ehklich's diazo reaction, 
the xanthoproteic nor the biuret reaction. It gives a faint indication of 
a Millon reaction and is not precipitated by phosphotungstic acid, hence 
it leads to an error in the Ppluger-Bohlano’s method for estimating urea. 
The acid soluble in water is precipitated by mercuric nitrate and acetate 
in neutral solutions, but is not precipitated by basic lead acetate. The 
salts of this acid are readily soluble in water and more soluble in alcohol 
than the corresponding salts of antoxyproteic acid. 

The acid which is found in large quantities especially in the urine of 
dogs poisoned with phosphorus (Bondzynski and Gottlieb) is considered 
like the preceding acids as an intermediary oxidation product of the pro- 
teins, and oxyproteic acid seems to represent a higher state of oxidation or 
a demolition of the proteins than the antoxyproteic acid. 

The acid called uroprotdc acid by Cloetta is probably a mixture of several 
bodies, according to the recent investigations of Bondzynski, Dombrowski, and 
Panek. The same appiles also to the barium oxyproteate prepared by Pregl ’ 
from the urine. 

AUoxyproieic acid is a third acid related to the above, which was first 
isolated by Bondzynski and Panek ^ from the urine and then carefully 
studied with Dombroavski. The composition is: C 41.33, H 5.70, N 13.55, 
S, 2.19, and 0, 37,23 per cent, based upon new investigations. The free 
acid is soluble in water. It gives neither the biuret reaction nor Ehrlich s 
reaction, and is not precipitated by phosphotungstic acid. Differing from 
the other acids, it is precipitated by basic lead acetate and its salts are only 
slightly soluble in alcohol. 

The preparation of the three above-mentioned acids is based in part 
upon the fact that alloxyproteic acid alone is precipitated by basic lead 
acetate and that the two other acids can be precipitated from the filtrate 
by mercuric acetate, the antoxyproteic acid in acetic acid solution, and the 
ox 3 ?^proteic acid in neutral solution. The preparation is nevertheless very 
tedious and complicated and therefore we must refer to the original works ^ 
for details. 

Uroferric acid is an acid isolated by Thiele ^ from the urine, according 
to SIEGFRIED'S method for preparing pure peptone. It also contains 

’Cloetta, Arch. I. exp. Path. u. Pharm., 40; Pregl, PfliigeRs Arch., 75. 

2 Ber. d. d. cliem. Gesellsch., 35. 

® Zeitschr. f. physiol. Chem., 40. 

37. 
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sulpliui; 3.46 per cent, and has the formula CssHseNgSOjo. The acid forms 
a white powder which is readily soluble in water, saturated ammonium- 
sulphate solution, and methyl alcohol. It is soluble with difficulty in abso- 
lute alcohol, insoluble in benzene, chloroform, ether, and acetic ether. 
About one half of the sulphur can be split off as sulphuric acid on boiling 
with hydrochloric acid. The acid gives neither the biuret test nor AIillon's 
or Abamkiewicz^s reactions. It is precipitated by mercuric nitrate and 
sulphate, and also by phosphotungstic acid. This acid is hexabasic and its 
specific rotation is -32.5®. On cleavage it yields melarrine sub- 

stances, sulphuric acid, aspartic acid, but no hexone bases. The existence 
of this acid is disputed by Bondzynski, Dombrowski and Panek. 

Abderhalben and Pregl^ have shown that human urine normally 
contains compounds which stand perhaps in close relationship to the poly- 
peptides and which on hydrolysis with acids yield at least a part of the 
moities existing in the protein molecule. In the case investigated they 
obtained abundant glycocoll, also leucine, alanine, glutamic acid, phenyL 
alanine, and probably also aspartic acid. The relationship betw’'een these 
polypeptide-like bodies and the above-mentioned proteic acids and to the 
uroferric acid has not been investigated. 

Amino-acids may, when they are introduced in large amounts into the body, 
also pass in part into the urine. This has been shown for r-alanine by R. Hirsch 
for the dog, and by Plaut and Reese for dog and man, and for r-leueiiie by 
Abderhalben and Samuely^ in rabbits. Embden and Reese, Forssner, Abder- 
HALDEN and Schittenhelm, and Samuely ® -were able, by means of the naph- 
thaline sulpho chloride method, to detect glycocoll in normal human urine, and 
this glycocoll must occur in the urine in a combination winch is readily split 
by alkali. Although we have numerous investigations, other amino-acids besidc>s 
glycocoll could not be detected in normal human urine, while, on the contrary, 
in pathological conditions other amino-acids have been found several times. 
The amino-acid fraction of the urine seems to be increased in starvation and in 
high altitudes (Loewy O* 

Organic combinations containing^ phosphorus (glycerophosphorie acid, phospho- 
carnic acid (Rockwood), etc., which yield phosphoric acid on fusing with salt- 
peter and caustic alkali, are also found in urine (Lepine and Eymonnet, (Ikrtel). 
With a total elimination of about 2.0 grams total P./).,, Oertel found on an 
average about O.Oo gram, P^Og as phosphorus in organic combination. Ac.cording 
to SymxMBES ^ the organic combined phosphoric acid may in many pathological. 


^ Zeitschr. f. physiol. Chem., 40. 

2 R. Hirsch, Zeitschr. f. exp. Path. u. Therap., 1; Plaut and Reese, Hofmeisteris' 
Beitrage, 7; Abderhalden and Samuely, Zeitschr. f. physiol. Chem., 47. 

3 Embden and .Reese, Hofmeister's Beitrige, ,7; G. Forssner, Zeitschr. f. physiol- 
Orem., 47; Abderhalden and Schittenhelm, ibid,, 47; Samuely, ibid,, 47. 

^ Deutsch. med. Wochenschr,, 1905. 

Rockwood,, Arch, f,' (Anat. u.)„ Physiol,4895; Oertel, Zeitschr. f. physiol. Chem.,- 
26, which cites the other- works. ..See. also Keller/ Zeitschr, f. physiol. Chem., 29; 
Mande! and Oertel,, Univ.. Bull Med. .Sciences, 1; Synuners, Joiirii. of Path, and' 
Bact., m Ak'- , -i.C/ -■ ' 
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conditions be :25-50 per cent of the total phosphoric acid. In lymphatic leuc^mia ^ 
and especially in degenerative diseases of the nervous system, the quantity may 
increase. 

Enzymes of various kinds have been isolated from the urine. Among these 
may be mentioned pepsin (Brucke and others), which, according to Matthes, 
undoubtedly originates from the stomach, and a diastatic enzyme (Cohnheim and 
others) B.nd trypsin.^ 

The nubecula consists, as shown by K. Morner,^ of a mucoid which 
contains 12.74 per cent N and 2.3 per cent S. This mucoid, which apprarently 
originates in the urinary passages, may pass to a slight extent into solution in 
the urine. In regard to the nature of the mucins and nucleoaibumins otherwise 
occurring in the urine we refer the reader to the pathological constituents of the 
urine. ■ 

Ptomaines and leucomaines, or poisonous substances of an unknown kind, 
w^hieh are often described as alkaloidal substances, occur in normal urine (Pouchet, 
Bouchard, Aducco, and others). Under pathological conditions the quantity 
of these substances may be increased (Bouchard, Lepine and Guerin, Villiers, 
Griffiths, Albu, and others). Within the last few years the poisonous proper- 
ties of urine have been the subject of more thorough investigation, especially by 
Bouchard. He found that the night urine is less poisonous than the day urine, 
and that the poisonous constituents of the day and night urines have not the 
same action. In order to be able to compare the toxic power of the urine under 
different conditions, Bouchard determines the urotoxic coefficient, which is 
the weight of rabbit in kilos that is killed by the quantity of urine excreted in 
twenty-four hours by 1 kilo of the person experimented upon.^ 

Baumann and v. Udranszky have shown that ptomaines may occur in the 
urine under pathological conditions. They demonstrated the presence of the two 
ptomaines discovered and first isolated by Brieger — putresciney C4H12N2 (tetra- 
methjdendiamine), mA cadaveriney C5H14N2 (pentamethylendiamine) — in the urine 
of a patient suffering from cystinuria and catarrh of the bladder. Cadaverine 
has later been found by Stadthagen and Brieger in the urine in two cases of 
cystinuria. Brieger, v. Udranszky and Baumann, and Stadthagen have 
shown that neither these nor other diamines occur under physiological condi- 
tions, while Dombrowski, on the contrary, found cadaverine besides another 
ptomaine with the formula CgHigNOa in normal urines, and Kutscher and Loh- 
MANN have found ncwnm The occurrence normal urine of any urine 
poison'^ is denied by certain investigators, such as Stadthagen, Beck, and v. d. 
Bsrgh.® The poisonous action of the urine, according to them, is due in part 
to the potassium salts and in part to the sum of the toxicity of the other normal 
urinary constituents (urea, creatinine, etc.), which have very little poisonous 
action individually. The occurrence of special urine poisons under normal 
conditions is difficult to deny on account of numerous statements on this subject, 
although the cliemical nature of these substances is still not sufficiently known. 

Many substances have been observed in animal urine which are not found in 
human urine. To these belong the above-described kynurenic acid, urocanic acidy 


^ In regard to the literature on enzymes in the urine, see Huppert-Neubauer, 599; 
Matthes, Arch. f. exp. Path, u, Pharm., 49. 

" Skand. Arch. f. Physiol., 6. , 

“ A complete bibliography on the ptomaines and leucomaines of the urine is found 
in IIuppert-Neubauer, 403. A ' 

Baumann and Udranszky, Zeitschr, f. physiol- Cheni., 13; Stadthagen and Brieger, 
Virchow’s Arch., 115; Dombrowski, Arch, polonais. d. sciences bioL, 1903; Kutscher 
and Lohmaim, Zeitschr. f. physiol. Chem., 48. ' ’■ , ' 

^Stadthagen, Zeitschr. i Min. Med., 15; Beck, 'Pfluger’s Arch.,, 71;,.;v/d. Bergh, 
Zeitsclir. f. Min. Med., 35. 
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also found in dog's urine and which seems to stand in some relationship to the 
purine bases; damaluric aad and damolic acid (according to Sci-iOTTENd probably 
a mixture of benzoic acid with volatile fatty acids)^ obtained by the distillation 
of cow's urine ; and lastly lithuric acid, found in the urinary concrements of 
certain animals. 

IIL ■ Inorganic Constituents of Urine. 

Chlorides. The chlorine occurring in the urine is undoubtedly combined 
with the bases contained in this excretion; the chief part is in combinatioii 
with sodium. In accordance with this, the quantity of chlorine in the 
urine is generally expressed as NaCl. 

The question as to whether a part of the chlorine contained in the urine 
exists as organic combinations, as considered by Berlioz and Lbpinois, is 
still disputed.^ 

The quantity of chlorine combinations in the urine is subject to con- 
siderable variation. In general the quantity from a healthy adult on a 
mixed diet is 10-15 grams of NaCl per tvrenty-four hours. The quantity of 
common salt in the urine depends chiefly upon the quantity of salt in the 
food, with which the elimination of chlorine increases and decreases. The 
free drinking of water also increases the elimination of chlorine, which is 
greater during activity than during rest (at night) . Certain organic chlorine 
combinations, such as chloroform, may increase the elimination of inorganic 
chlorides by the urine (Zeller, East 2). 

In diarrhoea, in quick formation of large transudates and exudates, also 
in specially marked cases of acute febrile diseases at the time of the crisis, 
the elimination of NaCl is materially decreased. The excretion of chlorine 
may var}^ considerably in disease, but still the NaCl taken with the food 
has here, as in physiological conditions, a great influence on the NaCl 
excretion.^ 

The quantitative estimation of chlorine in the urine is most simply per- 
formed by titration with silver-nitrate solution. The mine must not con- 
tain either proteid (which if present must be removed by coagulation) or 
iodine or bromine compounds. 

In the presence of bromides or iodides evaporate a measured quantity of the 
urine to dryness, fuse the residue with saltpeter and soda, dissolve the fused 


^ Zeitsehr. f. physiol. Chem., 7. 

2 Berlioz and Lepinois, see Chem. Centralbl., 1894, 1, and 1S95, 1; also Petit and 
Terrat, 1S94, 2, and Vital!, 1897,2; Vieleand Moitesvsier, I^hily's Jaliresber., 

^ ^ On the ellmmatipnpf chloifee., in disease, see Albu and Neufoerg, Physiol u. Pathol 






'617 


CHLORIDES. 

mass in water, and remove the iodine or bromine by the addition of dilute suL 
phuric acid and some nitrite, and thoroughly shake with carbon disulphide. 
The lic|uid thus obtained may now be titrated with silver nitrate according to 
Volhard’s method. The quantity of bromide or iodide is calculated as the 
difference between the quantity of silver-nitrate solution used for the titration 
of the solution of the fused mass and the quantity used for the corresponding 
volume of the original urine. 

The otherwise excellent titration method of iloHR, according to which 
we titrate with silver nitrate in neutral lic[uids, using neutral potassium 
chromate as an indicator, cannot be used directly on the urine in careful 
-work. Organic urinary constituents are also precipitated by the sih^er salt, 
and the results are therefore somewhat high for the chlorine. If this method 
is to be employed, the organic urinary constituents must first be destroyed. 
For this purpose evaporate to dryness 5-10 c.c. of the urine, after the 
addition of 1 gram of chlorine-free soda and 1-2 grams chiorine-free salt- 
peter, and carefully fuse. The mass is dissolved in water, acidified faintly 
with nitric acid, and then neutralized exactly with pure calcium carbonate. 
This neutral solution is used for the titration. 

The silver-nitrate solution may be a N/10 one. It is often made of 
such a strength that each cubic centimeter corresponds to 0.006 gram Cl hr 
0.01 gram NaCL This last-mentioned solution contains 29.075 grams of 
AgNOs in 1 liter, 

Freund and Toepfer, as well as B6 dtker,i have suggested modifica- 
tions of Mohr^s method. 

Volhard's ]\Iethod. Instead of the preceding determination, Vol- 
HARD^s method, wdiich can be performed directly on the urine, may be 
employed. The principle is as follows: All the chlorine from the urine 
acidified wfith nitric acid is precipitated by an excess of silver nitrate, 
filtered, and in a measured part of the filtrate the quantit^y of silver added 
in excess is determined by means of a sulphocyanide solution. This excess 
of silver is completely precipitated by the sulphocyanide, and a solution of 
some ferric salt, w^hich, as is well known, gives a biood-red reaction with 
the smallest quantity of sulphocyanide, is used as an indicator. 

We require the following solutions for this titration: 1. A silver- 
nitrate solution which contains 29.075 grams of AgNOs per liter and of 
wTiich each cubic centimeter corresponds to 0,01 gram NaCi or 0.00607 gram 
Cl. 2. A saturated solution at the ordinary temperature of chlorine-free 
iron alum or ferric sulphate. 3. Chlorine-free nitric acid of a specific 
gravity of 1.2. 4. A potassium-sulphocyanide solution \vhich contains 8.3 
grams KCNS per liter, and of which 2 c.c. corresponds to 1 c.c. of the 
silver-nitrate solution. 

About 9 grams of potassium sulphocyanide is dissolved in water and diluted 
to 1 liter. The quantity of KCNS contained in this solution is determined by the 
silver-nitrate solution in the follownng way: Measure exactly" 10 c.c. of the silver 
solution and treat it with 5 c.c. of nitric acid and 1-2 c.c. of the ferric-sait solu- 
tion and dilute with w’ater to about 100 c.c* , Now the sulphocyanide solution 
is added from a burette, constantly stirring until a permanent faint-red colora- 
tion of the liquid takes place. . The quantity of sulphocyanide found in the solu- 


^Freund and Toenfer, see Maly’s ilahresbef,, 22; Bodtk'er, Zeltschr. f. physibl. 

Chem., 20. ' ■ ■■' 


618 


URINE. 


tion by this means indicates how much it must be diluted to be of the proper 
strength. Titrate once more with 10 c.c. of AgNOs solution and correct the sul- 
phocyanide solution by the careful addition of water until 20 c.c. exactly corre- 
sponds to 10 c.c, of the silver solution. 


The determination of the chlorine in the urine is performed by this 
method in the following way: Exactly 10 c.c. of the urine is placed in a 
flask which has a mark corresponding to 100 c.c. and which is provided 
with a stopper; 5 c.c. of nitric acid is added; dilute with about 50 c.c. of 
water and then allow exactly 20 c.c. of the silver-nitrate solution to flow 
in. Close the flask w-ith the stopper and shake well, remove the stopper 
and wash it with distilled water into the flask, and fill the flask to the 
100-c.c. mark with distilled water. Close again with the stopper, carefully 
mix by shaking, and filter through a dry filter. Measure off 50 c.c. of 
the filtrate by means of a dry pipette, add 3 c.c. of ferric-salt solution, and 
allows the sulphocyanide solution to flow in until the liquid above the 
precipitate has a permanent red color. The calculation is very simple. 
For example, if 4.6 c.c. of the sulphocyanide solution was necessary to 
produce the final reaction, then for 100 c.c. of the filtrate (=10 c.c. urine) 
92 c.c. of this solution is necessary. 9.2 c.c. of the sulphocyanide solution 
corresponds to 4.6 c.c. of the silver solution, and since 20— 4.6= 15.4 c.c. 
of the silver solution was necessary to completely precipitate the chlorine 
in 10 c.c. of the urine, then 10 c.c. contains 0.154 gram of NaCl. The 
quantity of sodium chloride in the urine is therefore 1.54 per cent, or 15.4 
p. m. If we always use 10 c.c. for the determination, and always 20 c.c. 
of AgNOa solution, and dilute with water, to 100 c.c., the quantity of 
NaCl in 1000 parts of the urine is found by subtracting from 20 the number 
of cubic centimeters of sulphocyanide (R) required with 50 c.c. of the 
filtrate. The quantity of NaCl p. m. therefore under these circumstances 

20 T? ' 

= 20“-R, and the percentage of NaCl= — — 


If it is necessary to destroy the organic urinary constituents before titration, 
this can best be performed, according to Dehn,^ by evaporating the urine (10 c.c.), 
' after the addition of a small amount of sodium peroxide, to dryness on the water- 

b bath then faintly acidifying with nitric acid and then titrating according to 

K- VoLHAED. Incineration is umiecessary. 

Vi . For the approximate estimation of chlorine in the urine Ekehorn has 

b made use of Voluard^s titration method by using for the determination 

a glass tube closed at one end and divided into half cul^ic-centimeters 
and called the chlorometer. The reagents necessary are: (a) a mixture 
of 20 c.c. silver-nitrate solution (according to Volhard), 5 c.c. nitric acid 
and w’-ater to 100 c.c.; (b) 40 c.c. sulphocyanide solution (according to 
Volhard) and 60 c.c. of a ferric alum, chlorine-free and saturated at the 
ordinary?- temperature. The , silver-nitrate solution, of which each ciilric 
centimeter corresponds to 0.002 gm. NaCl, is equivalent to the iron sulpho- 
eyanide solution. First 2 c.c. of Ahe urine is placed in the graduated tiibe 
and then 0.5 c.c. sulphocyanide solution, and the silver-nitrate solution 
gradually added (shaking the : tube: closed with a rubber stopper) until 
the coloration of the sulphocyanide, just disappear. 0.5 c.c. is sub- 
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tracted from the silver solution for the 0.5 c.c. of the sulphocyanide; the 
tube is so graduated that the quantity of NaCl in the urine in parts per 
thousand is read off directly on the tube. The difference between these 
2‘esuits and those obtained by Volhaed's titration method amounts only, 
according to C. Th. Moener/ to 0.25 to at most 0.5 p. m. 

The approximate estimation of chlorine in the urine (which must be 
free from proteid) is made by strongly acidifying with nitric acid and then 
adding to it, drop by drop, a concentrated silver-nitrate solution (1:8). 
In a normal quantity of chlorides the drop sinks to the bottom as a rather 
compact cheesy lump. In diminished quantities of chlorides the precipi- 
tate is less compact and coherent, and in the presence of very little chlorine 
a fine white precipitate or only a cloudiness or opalescence is obtained. 

Phosphates. Phosphoric acid occurs in acid urines partly as dihydrogen, 
MH2PO4, and partly as monohydrogen M2HPO4, phosphates, both of 
which may be found in acid urines at the sarnie time. Ott ^ found that on 
an average 60 per cent of the total phosphoric acid was di- and 40 per 
cent was monohydrogen phosphate. The total quantity of phosphoric acid 
is Yeiy variable and depends on the character and the quantity of food. The 
average quantity of P2O5 is In round numbers 2.5 grams, with a variation of 
1-5 grams per day. A small part of the phosphoric acid of the urine orig- 
inates from the burning of organic compounds, such as nuclein, protagon, 
and lecithin, within the organism; on exclusive feeding with substances rich 
in nuclein or pseudonuclein the quantity of phosphates is essentially in- 
creased ; still it is undecided to what extent the excretion of phosphoric acid 
is a measure of the absorption and decomposition of these bodies.^ The 
greater part originates from the phosphates of the food, and the quantity of 
phosphoric acid eliminated is greater when the food is rich in alkali phos- 
phates in proportion to the quantity of lime and magnesium phosphates. 
If the food contains much lime and magnesia, large quantities of earthy 
phosphates are eliminated by the excrement; and even though the food 
contains considerable amounts of phosphoric acid in these cases, the quan- 
tity excreted by the urine is small. This is true especially of herbivora, 
in which the kidneys are the chief organs for the excretion of alkali phos- 
phates. In man, according to Ehesteom, the content of lime in the food 
seems to play no important r61e, as in his experiments about one-half of 
the phosphoric acid taken as CaHP04 was absorbed; still the extent of 
phosphoric-acid excretion through the urine depends in man not only upon 
the total quantity of phosphoric acid in the food, but also upon the relative 

^ Ekehorn, Hygiea, Stockholm, 1906; Morner, Upsala Lakaref. Forh. (N. F.), 11. 

^ Zeitschr. f. physiol. Chem., 10. , ’ ' ' 

® See A. Gumlich, Zeitschr. f. physiol. Ohem,, 18; RooSj ibid., 21; yyemtraiid, 
Arch. f. (Anat. u.) Physiol., 1895; Milroy and Malcolm, Journ. of Physiol., 23; . Eoh- 
mann and Steinitz:, Pfiuger^s Arch., 72; Loewi, Arch. f. exp. Path, li. Pharm,, 44, 
and 45. 
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amounts of the alkaline earths. and the alkali salts of the food. In car- 
nivora^ in which phosphate injected subcutaneously is eliminated by the 
intestine (Bebgmann), the urine is habitually poor in phosphates.^ 

As the extent of the elimination of phosphoric acid is mostly dependent 
upon the character of the food and the absorption of the phosphates in the 
intestine, it is apparent that the relationship between the nitrogen and 
phosphoric-acid excretion cannot run parallel. This is in fact so, and, 
according to Ehkstrom, the organism has the power of accumulating large 
quantities of phosphorus for a relatively long time independent of the 
condition of the nitrogen balance. With a certain regular food the rela- 
tionship between nitrogen and phosphoric acid in the urine can be kept 
nearly constant. Thus on feeding with an exclusive meat diet, as ob- 
served by VoiT^ in dogs, when the nitrogen and phosphoric acid (P2O5) 
of the food exactly reappeared in the urine and fasces, the relationship was 
8 . 1 : 1 . In starvation, as shown by the compilation of R. Tigersxedt,^ 
the phosphorized constituents of the body are destroyed to a much greater 
extent than when food is given very poor in phosphorus. In starvation 
this relationship is changed, namely, relatively more phosphoric acid is 
eliminated, which seems to indicate that besides flesh and related tissues 
another tissue rich in phosphorus is largely destroyed. The starvation 
experiments show that this is the bone-tissue. According to Preysz, 
Olsavszky, Klug, and I. ^Iunk^ the elimination of phosphoric acid is 
considerably increased by intense muscular work. 

As the phosphoric acid is in part derived from the nucleins it would be 
expected that in those diseases in w^hich the excretion of alloxuric bodies 
was increased the phosphoric acid wmuld also be augmented. This is not 
the case, and indeed we have observed cases with an increased elimination 
of alloxuric bodies with a diminution in the phosphoric-acid excretion. 
Cases of leucamia hav^c been observed in which the phosphoric-acid excre- 
tion was reduced, although there was a pronounced increase in the niiml^er 
of leucocytes. In these cases there may be a subsequent excretion or 
retention of phosphoric acid. This last condition occurs also in inflamma- 
tory and renal diseases. The earthy phosphates of the urine sometimes 
have the tendency of precipitating either spontaneously or after warming, 
and this has been called jjhosphaturia. We are dealing here with a dimin- 
ished acidity and, it seems, with a diminished excretion of phosphoric rieid 

^ Ehrstrom, Skand-. Arch. f. Physiol., 14; Bergmann, Areli. f. exp. Path. ii. Pliarm., 

“ Physiologie des idlgemeinen Stoffwechsels iind der Ernahrung in L. Hermann's 
Handbnch, f>, ThL 1, 79. ' W • 

Preysz, see Malyhs Jahres'ber.y: '21;.' .-Olsavszky^ and King, Pfiugcr’s Arch., 54; 
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and an increased elimination of lime, or at least an essentially different 
relationship between the phosphoric acid and the alkaline earths of the urine, 
as compared with the normal (Panek, Iwanoff, Soetber and Krieger) A 

Quantitative Estimation of the Total Phosphoric Acid in the Urine. This 
estimation is most simply performed by titrating with a solution of ura- 
nium acetate. The principle of the titration is as follows: A warm solu- 
tion of phosphates containing free acetic acid gives a whitish-yellow pre- 
cipitate of uranium phosphate with a solution of a uranium salt. This 
precipitate is insoluble in acetic acid, but dissolves in mineral acids, and 
on this account there is always added, in titrating, a certain quantity of 
sodium-acetate solution. Potassium ferrocy ankle is used as the indicator, 
which does not act on the uranium-phosphate precipitate, but gives a 
reddish-brown precipitate or coloration in the presence of the smallest 
amount of soluble uranium salt. The solutions necessary for the titration 
are: 1. A solution of a uranium salt ‘of which each cubic centimeter cor- 
responds to 0.007 gram P2O5 and which conains 20.3 grams of uranium 
oxide per liter. 20 c.c. of this solution corresponds to 0.100 gram P2O5. 
2. A solution of sodium acetate. 3. A freshly prepared solution of potas- 
sium ferrocy anide. 

The uranium solution is prepared from uranium nitrate or acetate. Dissolve 
about 35 grams uranium acetate in water, add some acetic acid to facilitate solu- 
tion, and dilute to 1 liter. The strength of this solution is determined by titrating 
with a solution of sodium phosphate of known strength (10.085 grams crystallized 
salt in 1 liter, which corresponds to 0,100 gram P2O5 in 50 c.c.). Proceed in the 
same way as in the titration of the iirine (see below), and correct the solution by 
diluting with water, and titrate again until 20 c.c. of the uranium solution corre- 
sponds exactly to 50 c.c. of the above phosphate solution. 

The sodium-acetate solution should contain 10 grams sodium acetate and 
10 grams cone, acetic acid in 100 c.c. For each titration 5 c.c. of this solution 
is used with 50 c.c. of the urine. 

In performing the titration, mix 50 c.c. of filtered urine in a beaker 
with 5 c.c. of the sodium acetate, coiner the beaker with a watch-glass, and 
w’arm over the water-bath. Then allow the uranium solution to flow in 
from a burette, and when the precipitate does not seem to increase, place 
a drop of the mixture on a porcelain plate with a dro].) of the potassium- 
feiToeyanide solution. If the amount of uranium solution added has not 
been sufficient, the color will remain pale yellow and more uranium solution 
must be added; but as soon as the slightest excess of uranium solution has 
been used the color becomes a faint reddish browm. When this point has 
been obtained, warm the solution again and add another drop. If the color 
remains of the same intensity, the titration is ended ; but if the color varies, 
add more uranium solution, drop by drop, until a permanent coloration is 
obtained after warming, and now repeat the test with another 50 c.c. of 
the urine. The calculation is so simple that it is unnecessary to give an 

^ Panek, see Malyhs Jahresber., SO, 112; Iwanoff, Biochem. Centraibl , 1, 710; 
Soetber and Krieger, Deutsch. Arch., f.; Min. Med., 72; Gampani, Biochem. Centraibl, 
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'In the above manner one determines the total quantity of phosphoric 
acid in the urine. If we wish to know the phosphoric acid combined with 
alkaline earths or with alkalies, w'e first determine the total phosphoric 
acid in a portion of the urine and then remove the earth}^ phosphates in 
another portion by ammonia. The precipitate is collected on a filter, 
w^ashed, transferred into a beaker with water, treated with acetic acid, and 
dissolv<^ by w-arming. This solution is now diluted to 50 c.c. with waiter, 
and 5 c.c. sodium-acetate solution added, then titrated "with uranium solu- 
tion. The difference between the two determinations gives the c|iiantity 
of phosphoric acid combined with the alkalies. The results obtained are 
not quite accurate, as a partial transformation of the monophosphates of 
the alkaline earths and also calcium diphosphate into triphosphates of the 
alkaline earths and ammonium phosphate takes place on precipitating wdth 
ammonia, and the method gives too high results for the phosphoric acid 
combined with alkalies and remaining in solution. 

Sulphates. The sulphuric acid of the urine originates only to a veiy 
small extent from the sulphates of the food. A disproportionately greater 
part is formed by the burning wdthin the body of the proteins wdiich contain 
sulphur, and it is chiefly this formation of sulphuric acid from the proteins 
which gives rise to the previously mentioned excess of acids over the bases 
in the urine. The quantity of sulphuric acid eliminated by the urine 
amounts to about 2.5 grams H2SO4 per day. As the sulphuric acid chiefly 
originates from the proteins, it follows that the elimination of sulphuric 
acid and the elimination of nitrogen runs nearly parallel, and the relation- 
ship N:H2S04 is about 5:1. A complete parallelism can hardly be ex- 
pected, as in the first place a part of the sulphur is always eliminated as 
neutral sulphur, and secondly because the small proportion of sulphur in 
different protein bodies undergoes greater variation as compared wdth the 
large xmoportion of nitrogen contained therein. In general the elimination 
of nitrogen and sulphuric acid under normal and under diseased conditions 
seem to nm rather parallel. Sulphuric acid occurs in the urine partly pre- 
formed (sulphate-sulphuric acid) and partly as ethereal, sulphuric acid. 
The first is designated as A- and the other as R-sulphuric acid. 

The quantity of total sulphuric add is determined in the followdng w^a}^ 
but at the same time the precautions described in other works must be 
observed. 100 c.c. of filtered urine is treated with 5 c.c. of concentrated 
hydrochloric acid and boiled for fifteen minutes. While boiling precipitate 
with 2 c.c. of a saturated BaCl2 solution, and warm for a little while until 
the barium sulphate has completely settled. The precipitate must then be 
w^ashed with water and also with alcohol and ether (to remove resinous 
substances), and then treated according to the usual method. 

The separate determination of the sulphate-sulphuric acid and the 
ethereal-sulphuric acid may be accomplished, according to Baitmann^s 
method, by first precipitating the sulphate-sulphuric acid by BaCIo from 
the urine^ acidified with acetic acid, then decomposing the ethereal-sul- 
phuric acid by boiling after the addition of hydrochloric acid, and finally 
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determining the sulphuric acid set free as barium sulphate. A still better 
method is the following, suggested by Salkowski: ^ 

200 c.Gv of urine is precipitated by an equal volume of a barium solution 
which consists of 2 vols. barium, hydrate and 1 voL barium-chloride solu-r . 
tiouj both saturated at the ordinary temperature. Filter through a dry 
filter, measure off 100 c.c. of the filtrate which contains only the ethereal- 
sulphuric acid, treat with 10 c.c. of hydrochloric acid of a specific gravity 
1.12, boil for fifteen minutes, and then warm on the water-bath until the 
precipitate has completely settled and the supernatant liquid is entirely 
clear. Filter and wash with w^arm water and with alcohol and ether, and 
proceed according to the generally prescribed method. The difference 
between the ethereal-sulphuric acid found and the total quantity of sulphuric 
acid as determined in a special portion of urine is taken to be the quantity 
of sulphate-sulphuric acid. 

Folin^ has suggested a method for estimating the sulphate-sulphuric 
acid as well as the ethereal-sulphuric acid, and also the total sulphur, w^hich 
is somewhat different from the ordinary methods. 

Nitrates occur in small quantities in human urine (Schonbein), and they 
probably originate from the drinking-water and the food. According to Weyl 
and Citron,® the quantity of nitrates is smallest with a meat diet and greatest 
with vegetable food. The average amount is about 42.5 milligrams per liter. 

Potassium and Sodium. The quantity of these bodies eliminated by the , 
urine by a healthy adult on a mixed diet is, according to Salkowski,^ 3-4 
grams K 2 O and 5-6 grams Na20, with an average of about 2-3 grams 
K 2 O and 4-6 grams Na20. The proportion of K to Na is ordinarily 3:5. 
The quantity depends above all upon the food. In starvation the urine 
may become richer in potassium than in sodium, which results from the 
lack of common salt and the destruction of tissue rich in potassium. The 
quantity of potassium may be relatively increased during fever, while after 
the crisis the reverse is the case.- 

The quantitative estimation of these bodies is performed by the gravi- 
metric methods as described in works on quantitative analysis. In the 
determination of the total alkalies recently new methods have been de- 
vised by Pkibram and Gregor, and for the potassium alone a method by 
Autenrieth and Bernheim.5 

Ammonia. Some ammonia is habitually found in human urine and in 
that of carnivora. As above stated (page 551), on the formation of urea 
from ammonia, this quantity may represent the small amount of ammonia 


^ Baumann, Zeitschr. f. physiol. Chem., 1; Salkowski, Virchow^s Arch., 79. 

2 Journ of Biol. Chem., 1, aiid Amer. Journ. of Physiol., IS. 

®Sch6nbein, Journ. f. prakt. Chem.,. 92; Weyl, Virchow's Arch., 96, with Citron, 
101 . ’ “ 

^ Pribram and Gregor, Zeitschr. f. analyt. Chem., S8; Autenrieth and Bemheim, 
Zeitschr f. physiol. Chem., S7. 


; 624 : 


URINE, 


wMch.' is exclMed from the synthesis to urea, b}.* being combined 'ivith 
acids formed in excess by combustion and not united with the fixed alka- 
lies. This view is confirmed by the observations of Co'Randa, who foiind 
that the elimination of ammonia was smaller on a vegetable diet and 
larger on a rich meat diet than on a mixed diet. On a mixed diet the 
average amount of ammonia eliminated by the urine is about 0.7 gram 
NH 3 per day (Nel'baukr), corresponding to 4. 6-5.6 per cent of the total 
nitrogen of the urine according to CA]^IERER, Jr. As above stated, all the 
ammonia of the urine is not represented by the residue which has eluded 
synthesis into urea by neutralization with acids, becaues, as shown by 
Stadelmann and Beckmann^ ammonia is eliminated by the urine even 
during the continuous administration of fixed alkalies. 

x4mmonia exists on an average of about 0.90 milligram in 100 c.c. of 
human blood, and in different amounts in all the tissues thus far investi- 
gated.^ According to NENCia and Zaleski^ it is abundantly formed in 
the cells of the digestive glands, the stomach, the pancreas, and the intes- 
tinal mucosa (of dogs) at the time when protein foods are being digested 
and transported to the liver. As the ammonia introduced into the liver is 
transformed into urea (see above), we can therefore expect that in certain 
diseases of the liver an increased elimination of ammonia and a decreased 
excretion of urea will occur. In how far this is true has alread}*^ been 
stated (page 554), and w^e refer to the researches of the various authors 
there cited. 

In man and certain animals the elimination of ammonia is increased 
by the introduction of mineral acids; and, as shown by Jolin;^ organic acids, 
such as benzoic acid, which are not destroyed in the bod}’' act in a similar 
manner. The ammonia set free in the protein destruction is in part used 
in the neutralization of the acids introduced, and in this way a destructive 
removal of fixed alkalies is prevented. This uneciual behavior of different 
animals towards acidosis has been discussed in the previous pagCvS. 

Acids formed in the destruction of proteins in the body act on the elim- 
ination of ammonia like those introduced from without. For this reason 
the quantity of ammonia in human urine is increased under such conditions 
and in such diseases where an increased formation of acid takers place 

^ Coranda, Arch, f exp. Path, u. Pharm., 12; Stadelmann (and Beckmann), Ein- 
fiuss der Alkalien auf den Btoffwechsel, etc. Stuttgart, 1890; Cainerer, Zeitscbr. f. 
Biologic, 4;k 

^ See Salaskin. Zeitschr f. physiol Chem.,, 23, 449, and foot-notes 1 and 2, page 

^ Arch, des science biol, de St P4.tersbourg, 4, and Salaskin, I. c. See also Nencld 
and Zaieski, Arch. f. exp Path, u Pharm., Sir, 

^ John, Skand. Arch. L Physiol., 1. In.regard to the behavior of ammonium, salts 
in the animal body, see Eumpf and .Kleme, Zeitechr. f. Biologic, S4, and the works 
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because of an increased metabolism of proteins. This is the case with a 
lack of oxygen in fevers and diabetes. In' the last-mentioned disease 
organic acids, /9-oxybutyric acid and acetoacetic acid, are produced, which 
pass into the urine combined wnth ammoniad Other observations also 
indicate that the elimination of ammonia by the urine is increased on insuf- 
ficient or diminished supply of all^lies or alkaline earths. 

The detection and quantitative estimation of ammonia used to be performed 
according to the method suggested by Schlosing. The principle of this method 
is that the ammonia from a measured amount of urine is set free by lime-water 
in a closed vessel and absorbed by a measured amount of N/10 sulphuric acid. 
After the absorption of the ammonia the quantity is determined by titrating the 
remaining free sulphuric acid with a N /lO caustic-alkali solution. This method 
gives low results, and in exact work we must proceed as suggested by Bohland.* 

The recent methods for estimating the ammonia are all based upon the 
distillation of the ammonia, after the. addition of lime, magnesia, or alkali 
carbonate, at low temperatures either by the aid of vacuum (Nencici and 
Zaleski, Wuester, Kruger, Reich, and Schittenhelm, and Schaffer) 
or by the aid of a current of air (Folin) and then collecting it in a standard 
acid. 

According to the methods suggested by Kruger, Reich and Schitten- 
HELM^ 25 c.o. of the urine is placed in a distillation- flask with about 10 
grams of NaCl and 1 gram of Na 2 C 03 , and this distilled at 43° C. and a 
pressure of 30-40 millimeters Hg wfith t^^^ an air-pump. Alcohol 

is added to prevent foaming. The ammonia is absorbed in N/10 acid 
contained in a Peligot tube surrounded by ice-water, and when the 
distillation is finished the acid is retitrated, making use of rosolic acid as 
indicator. In regard to details, see the original publications. Schaffer's 
method is practically the same. 

Calcium and magnesium occur in the urine chiefly as phosphates. 
The quantity of earthy phosphates eliminated daily is somewdiat more 
than 1 gram, and of this amount § is magnesium and J calcium phos- 
phate. This statement, as found by Renw^all and Gross, is not correct, 
or at least is not valid in general, as they found more calcium than mag- 
nesium in the urine. In acid urines the mono- as well as the dihydrogen 
earthy phosphates are found, and the solubility of the first, among which 
the calcium salt CaHP 04 is especially insoluble, is particularly augmented 
by the presence in the urine of dihydrogen alkali phosphates and sodium 
chloride (Ott""*). The quantity of alkaline earths in the urine depends 


^ On the elimination of ammonia in disease, see the recent works of Rumpf, Vir- 
chow’s Arch., 1S4; Hallervorden, fHd, 

Z.eitscbr. f physiol. Chem., 39: Schaffer, Amer. Journ. of Physiol., 8, which con- 
tains: 

** Penwail Skancl. Arch. f. Physiol , 10; Gross, Biochem CentralbL, 4, ISO. . ^ , 
Zeitsciir. f. physiol. Chem., 10. , ' 





: 62 & 


UEINB* 


OB. the composition of the food. The lime-salts absorbed are in great part 
excreted again into the intestine, and the quantity of lime-salts in the urine 
is therefore no measure of the absorption of the same. The introductioii 
of readily soluble lime-salts or the addition of hydrochloric acid to the food 
may therefore cause an increase in the quantity of lime in the urine, while 
the reverse takes place on adding alkali phosphate to the food. Nothing 
is known with positiveness in regard to the constant and regular change 
in the elimination of calcium and magnesium salts in disease/ and in these 
conditions the excretion is chiefly dependent upon the diet, and upon tlie 
formation and introduction of acid. 

The quantity of calcium and magnesium is determined according to the 
ordinary well-known methods. 

Iron occurs in the urine only in small quantities, and, as it seems from the 
investigations of Kuxkel, Giacosa, Robert and his pupils, it does not exist 
as a salt, but as an organic combination-rin part as pigment or chromogen. The 
statements in regard to the iron present seem to show that the quantity is very 
variable, from 1 to 11 milligrams per liter of urine (Magnier, Gottlieb, Robert 
and his pupils). Jolles found as an average for twelve persons 8 milligrams of 
iron in twenty-four hours, while Hoffmann, Neumann and Mayer ^ found lower 
results — an average of 1.09 and 0.983 milligrams. The quantity of silicic acid is 
ordinarily stated to amount to about 0.3 p. m. Traces of hydrogen peroxide also 
occur in the urine- 

The gases of the urine are carbon dioxide, nitrogen, and traces of 
oxygen. The quantity of nitrogen is not quite 1 vol. per cent. The carbon 
dioxide varies considerably. In acid urines it is hardly one half as great 
as in neutral or alkaline urines. 

IV. The Quantity and Quantitative Composition of Urine. 

The quantity and composition of urine is liable to great variation. 
The circumstances which under physiological conditions exercise a great 
influence are the following: the blood-pressure, and the rapidit\" of the 
blood-current in the glomeruli; the quantity of urinary constituents, 
especially water in the blood; and, lastly, the condition of the secretory 
glandular elements. Above all, the quantity and concentration of the 
urine depend on the quantity of water vrhich is introduced into the !.)lood or 
which leaves the body in other ways. The excretion of urine is increased by 
drinking freely or by reducing the quantity of water otherwise removed ; 
and it is decreased by a diminished ingestion of water or by a greater loss 


^ See Aibu and Neuberg, I e. 

^ Ktinkel,' eitcid/rbm Maty’s Jahresber.),;!!;;, Giacosa, ibid., 16; Robert, Arbeiten 
des Pharm, Inst; zu Dorpat,-?.; Magnier,'' fier, d.-deutsch. chem. Geseliscli., 7; Gott-, 
lieb, Arch. f. exp; Path, n., Pharm.,- 20; ; JpUes, &it'Bchr. f, axial. Chem., M; Ploffmann, 

Zeitschr. f. anal. Chem., 40;;,Henin-ahn and Mayer, Zeitschr. f. physloL Chem., 37. 
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j of water in other ways. Ordinarily in man Just as much water is eliminated 

by the kidneys' as by the skin; lungs, and intestine together. At lower 
I' temperatures and in moist air, since under these conditions the elimination 

' of water by the skin is diminished, the excretion of urine may be con- 

! siderably increased. Diminished introduction of water or increased elimi- 

nation of water by other ways— as in violent diarrhoea or vomiting, or in 
profuse perspiration— greatly diminishes the amount of urine excreted. 

: For example, the urine may sink as low as 500-400 c.c. per day in intense 

I summer heat, while after copious draughts of water the elimination of 

i 3000 c.c. of urine has been observed during the same time. The quantity 

: of urine voided in the course of twenty-four hours varies considerably 

i from day to day, the average being ordinarily calculated as 1500 c.c. for 

healthy adult men and 1200 c.c. for women. The minimum elimination 
^ occurs during the early morning, between 2 and 4 o^clock; the maximum, 

in the first hours after waking and from 1-2 hours after a meal. 

The quantity of solids excreted per day is nearly constant, even though 
I the quantity of urine may vary, and it is quite constant w^hen the manner of 

living is regular. Therefore the percentage of solids in the urine is natu- 
rally in inverse proportion to the quantity of urine. The average amount 
of solids pert wenty-four hours is calculated as 60 grams. The quantity 
may be calculated with approximate accuracy from the specific gravity 
^ if the second and third decimals of this factor be multiplied by Haser's 

I coefficient, 2.33. The product gives the amount of solids in 1000 c.c. 

j of urine, and if the quantity of urine eliminated in twenty-four hours be 

measured, the quantity of solids in twenty -four hours may be easily calcu- 
^ , lated. For example, 1050 c.c. of urine of a specific gravity 1.021 was elimi- 

‘ ' nated in t’wenty-four hours; therefore the quantity of solids excreted was 

I 21x2.33==48.9 and — =51.35 grams. Long^ has made a new 

: determination of the coefficient for a specific gravit}’' taken at 25° C. and 

^ finds that it is equal to 2.6, which corresponds nearly to Haser’s coefficient 

^ Those bodies which, under physiological conditions, affect the density 

of the urine are common salt and urea. The specific gravity of the first is 
! 2.15 and the last only 1.32, so it is easy to understand, when the relative 

: proportion of these two bodies essentially deviates from the normal, why 

I the above calculation from the specific gravity is not exact. The same is 

true wffien a urine poor in normal constituents contains large amounts of 
foreign bodies, such as albumin or sugar. , ; ; , 

As above stated, the percentage of solids in the urine generally decreases 
: with a greater elimination, and a very considerable excretion of urine 


62S 


UEINE. 


(polyuria) has therefore, as a rule, a lower specific gravity. An important 
exception to this mle is observed in urine containing sugar melli- 

ius), in which there is a copious excretion with a very high specific gravity 
due to the sugar. In cases where very little urine is excreted (oliguria) j 
e.g., during profuse perspiration, in diarrhoea, and in fevers, the specific 
gravity of the urine is as a rule very high; the percentage of solids is also 
liigh and the urine has a dark color. Sometimes, as for example in certain 
cases of albuminuria, the urine may have a low specific gravity notwith- 
standing the oliguria, and be poor in solids and light in color. 

In certain cases it is interesting to know the relationship between the 
carbon and the nitrogen, or the quotient C/N. This factor may vary 
between 0.7 and 1; as a rule, it amounts on an average to 0.87, but changes 
according to the nature of the food and is higher after a diet rich in carbo- 
hydrates than after food rich in fat (Pregl, Tangl, Langstein and Steinitz, 
and others^). 

It is difficult to give a tabular view of the composition of urine on 
account of its variation. For certain purposes the following table may be 
of some value, but it must not be overlooked that the results are not given 
for 1000 parts of urine, but only approximate figures for the quantities of 
the most important constituents which are eliminated during the course of 
twenty-four hours in a volume of 1500 c.c. of urine. These figures apply 
only to a diet which corresponds to standard figures, namely 118 

grams protein, 56 grams fat, and 500 grams carbohydrate per day, and to 
a man of average weight. 

Daily quantity of solids ==^60 grams. 

Organic constituents =35 grams. Inorganic constituents = 25 grams. 

Urea 30.0 grams. Sodium chloride (NaCl) . . . 15.0 grams. 

Uric acid 0.7 Sulphuric acid (H 2 SO 4 ) ... 2.5 * i 

Creatinine 1.5 “ Phosphoric acid (P 0 O 5 ). . . ; 2.5 

Hippuric acid 0.7 " ^ Potash (K 2 O) .... ...... 3.3 ^ ' 

Remaining organic bodies. . 2.1 Ammonia (NHr) 0.7 

Magnesia (MgO) 1 a c 

Lime(CaO) ' / 

Remaining inorganic bodies 0.2 

Urine contains on an average 40 p. m. solids. The quantity of urea is 
about '20 p. m., and common salt about 10 p. m. 

The physico-chemical methods are being used in urinary analysis even 
to a greater extent than in the analysis of other animal fluids. A great 
number of eryoscopic determinations but fewer conductivity detemiinations 
have been made. A constant relationship between the values found by 
I physico-chemical methods and the analytical methods has been sought, 
for example, between the freezing-point depression and the specific gravity 

^ Prcgi, Pfh'iger^s Arch., 75, which eoutaihs the older literature. TaiigL Arch. f. 
(Aimfc. II.) Physiol, 1S90,, Supply Langstein and Bteinitz, Centralbl f. Physio!., li. 
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or the common salt and others; or attempts have been made to find certain 
constants in the composition of the urine based upon the results of various 
methods, and in this way to obtain an explanation as to the mechanism of 
the excretion of urine in order to apply them for diagnostic purposes. The 
results obtained are, as is to be expected, so variable and dependent upon 
so many conditions which cannot be controlled that definite conclusions 
must be drawn with the greatest caution. In regard to the value and use- 
fulness of the various constants and relations which are based upon theo- 
retical considerations, the views are unfortunately still too divergent. 

V. Casual Urinary Constituents. 

The casual appearance in the urine of medicinal agents or of urinary con- 
stituents resulting from the introduction of foreign substances into the 
organism is of practical importance, because such compounds may inter- 
fere in certain urinary investigations; they also afford a good means of 
determining whether certain substances have been introduced into the 
organism or not. From this point of view a few of these bodies will be 
spoken of in a following section (on the pathological urinary constituents). 
The presence of these foreign bodies in the urine is of special interest in 
those cases in which they serve to elucidate the chemical transformations 
which certain substances undergo within the organism. As inorganic 
substances generally leave the body unchanged^ they are of very little 
interest from this standpoint; but the changes which certain organic sub- 
stances undergo when introduced into the animal body may be studied by 
the transformation products as found in the urine. 

The bodies belonging to the fatty series undergo, though not without 
exceptions, a combustion leading towards the final products of metab- 
olism; still, often a greater or smaller part of the bodies in question escape 
oxidation and appear unchanged in the urine. A part of the acids belong- 
ing to this series, which are otherwise decomposed into water and carbonates 
and render the urine neutral or alkaline, may act in this manner. The 
volatile fatty acids poor in carbon are less easily oxidized than those rich in 
carbon, and they’' therefore pass unchanged into the urine in large amounts. 
This is especially true of formic and acetic acids (Schotten, Gr^jhant and 
Qutnquaud^). The statements in regard to oxalic acid are contradictory. 
In birds, according to Gaglio and Giunti, it is not oxidized. In mammals 
it is in great part oxidized, according to Giunti, while Gaglio and Pohl 


^ In regard to the behavior of certain of these bodies, see Heffter, Die Ausscheidung 
korperfremden Substanzen im Harn, Ergebnisse d. Physiol, 2, Abt. I. . . , ' 

2 Schotten, Zeitselir. f. physiol Ohem., 7; . Grehant and Quinquand, Compi-rend,, 
104."' 
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elaini that it is not destroyed. Marfobi and Giijnti claim that in human 
beings oxalic acid is in great part oxidized, although the recent investiga- 
tions of Salkowski, ■ Pierallini, ' Stradomsky, Klemperer and Trit- 
scHLER ^ seem to show that the acid is only in part destroyed in the animal 
body. In order to exactly determine that portion of the ingested oxalic 
acid which is absorbed and excreted by the urine or oxidized in the body , it 
must necessarily be known whether or not a portion of the acid is destroyed 
in the intestine and is therefore not absorbed. Tartaric acids act differ- 
ently, according to Brion;^ thus in dogs the levotartaric acid is nearly 
entirely consumed, while a little more than 70 per cent of dextrotartaric 
acid is burnt. Racemic acid is oxidized to a still less extent in the animal 
bod}/. Succinic and malic acids are completely combustible/ according to 
PoHL.^ Examples of the different behavior of stereoisomeric substances 
have already been given on page 109. 

The acid amides appear not to be altered in the body (Schultzen and 
Nencki'^). Ihe amino-acids may indeed, when introduced into the body 
in large quantities, be in part eliminated unchanged by the urine; but 
otherwise, as stated above (page 550) for leucine j glycocoll, and aspartic 
acid, they are decomposed within the body, and may therefore cause an 
increased excretion of urea. That in the demolition of the amino-acids 
a deamidation takes place is shown by alanine yielding lactic acid and 
diaminopropionic acid, yielding glyceric acid, as mentioned in a pre\dous 
chapter (VIII). The amino-acids give an instructive example of the 
unequal beha\dor of stereometric substances in the animal body, as the 
inactive acids are so changed and transformed that the component foreign 
to the body is more or less abundantly excreted, while that occurring in 
the body protein is oxidized (Schittenhelm and EIatzenstein, Wohlge- 
muth *5). In connection with the amino-acids it is to be recalled that 
according to the observations of Abderhaldbn and Bergell ® glycyl- 
glycine introduced subcutaneously in rabbits appeared in the urine as gh^- 
cocoIL 

Various amino acids show a somewhat different behavior. Sarcosinc 


^ Gaglio, Arch; f. exp. Path. u. Pharm., 22 ; Giunti, Chem. Centralbl., 1S97, 2; 
Marfori, Malyhs Jahresber., 20 and 27 ; Pohl, Arch. f. exp. Path. ii. Pharm., ;I7; Sal- 
kowski, Berl. klia. Wochenschr., 1900 ; Pierallini, Virchow^s Arch., 100; Stradomsky, 
ibid., lOS; Klemperer, and Tritschler, Zeitschr. f. klin. Med., 44. 

^ Zeifcsclir, f. physiol. Chem., 25. 

® Pohl, Arch. f. exp. Path. u. Pliarm., 37, which also contains the statements on 
the intermediary products formed in the oxidation of the fatty bodies. 

^ Schlttenhehn ■ and Katzenstein, Zeitschr. 'f. exp.. Path*, 2, cited from Biocliem, 
Centralbl., 5; Wohlgemuth, Ber. d.'d. chem. Gesellsch., 38. 

® Zeitschr. i.physioVdem.,. 39. , " \ b' , ", ' 
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(methyigly cocoll), (CIT 3 )MH.CH 2 .COOH, wMeh is not readily l3umt, 
passes therefore in great , part unchanged into the urine) but perhaps also 
passes in small part into the corresponding uramino-acid, mMhylliydantoic 
acid, NH2.C0.N(CH3).CH2*C00H (SchtjltzenT) , Likewise taurine, 
aminoethyisulphomc acid, which acts somewhat differently in different 
animals (Salkowski ^) , passes in human beings, at least in part, into the 
corresponding uramino-acid, taurocarbamic acid, NH2.CO.NH.C2H4.SO2.OH. 
A part of the taurine also appears as such in the urine. In rabbits, when 
taurine is introduced into the stomach nearly all its sulphur appears in the 
urine as sulphuric and hypostdphurovs acids. After subcutaneous injection 
the taurine appears again in great part unchanged in the urine. In dogs 
a great part of the sulphur of cystine appears in the urine as sulphate (also 
as thiosulphate) (Blum, Abuerhalden and Samuely^). 

The nitriles, including hydrocyanic acid, pass, according to Lang, into 
sulphocyanide combinations, and this sulphocyanide apparently originates 
from the non-oxidized sulphur of the proteins, which is readily split off. 
Pascheles^ observations indicate that, in an alkaline reaction and at the 
temperature of the body, this sulphur can convert the alkali-cyanides 
readily into sulphocyanides. The alkali sulphocyanides when ingested 
are nearly quantitatively eliminated in the urine, according to Pollak.^ 

B}' substitution with halogens, bodies otherwise readily oxidizable are 
converted into difficultly oxidizable ones. While the aldehydes are readily 
and completely burnt like the primary and secondary alcohols of the fatty 
series, the halogen substituted aldehydes and alcohols are, on the contrary, 
difficultly oxidizable. The halogen substitution products of methane 
(chloroform, iodoform, and bromoform) are at least in part destroyed and 
the corresponding alkali compounds of the halogen pass into the urine 

By conjugation with sidphuric oMd, the alcohols which are otherwise 
readily oxidizable may be guarded against combustion, and consequently 
the alkali salt of ethylsulphuric acid is not burnt in the body (Salkowski ®). 

The organic combinations containing sulphur act somewhat differently. 
W. Smith states that the sulphur of the thio-acids, like thioglycolic acid, 


^ Ber. d. deutsch. ehem. Gesellseh., 5. See also Baumann and v. Mering, ibid., 8, 

584, and E. Salkowski, Zeitschr. f. physiol. Chem., 4, 107. 

“ Ber. d. deutsch. chem. Geseilsch., 6, and Virchow's Arch., 58. ‘ 

Blum, Hofmeister’s Beitrage, 5; Abderhalden and Samuely, Zeitschr. f. physiol. 1 

Chem., 46. ' , ^ ' | 

^ Lang, Arch. f. exp. Path. u. Pharm., 84; Pascheles, ibid.; Poliak, Hofmeisteris i 

Beitrage, 2. ^ '-.j 

^ See Hamaek and Grundler, Berlin. Hin. Wochenschr., 1883; Zeller, Zeitschr. 1 ; 

physiol. Cliem., 8; Kast, ibid., 11; Bins!, Arch, f, exp. Path. u. Pharm., 2$; Zeehuisen, , f 

Maly’s Jahresber., 23. 

® Piiuger’s Arch., 4. 
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CH2‘SH.C00H., is in part oxidized to sulphuric acid, and according to 
Goldmaxn the same result occurs with aminothiolactic acid (cysteine) 
and the sulphur of the thio-alcohols (ethyl mercaptans) . On the 
contrary, ethylsulphide, sulphonic and sulpho acids in general (Salkowski, 
S]MiTH are not changed into sulphuric acid. Oxyethylsulphciiic acid, 
HO.C2H4.SO2.OH, which is in part oxidized to sulphuric acid, is an ex- 
ception (Salkowski). 

Conjugation with glucuronic acid occurs, according to the investigations 
of SxjNDViK and especially of 0 . Neubauer, in many substituted as well 
as non-substituted alcohols, aldehydes, and ketones. Chloral hydrate, 
C2C130I-H-H20, passes, after it has been converted into trichlorethyl- 
alcohol by a reduction, into a levogyrate reducing acid, urochloralic acid 
or trichlorethylglucuronic acid,C2Cl3H2.C6H407 (Musculits and v. Merino). 
Of the primary alcohols investigated by Neubauer^ .(upon rabbits and 
dogs) methyl alcohol gave no conjugated glucuronic acid, and ethyl alcohol 
only a small amount. Isobutyl alcohol and active amyl alcohol yielded 
relatively large quantities. Secondary alcohols produced conjugated glucu- 
ronic acids, and indeed to a greater extent than the primary alcohols, 
especially in rabbits. The ketones are reduced in part into secondary alco- 
hols and are partly excreted as the conjugated acid. This could be shown 
for acetone with rabbits but not with dogs. 

The homo- and heterocyclic compounds pass, as far as is known, into 
the urine as such, or, after a previous partial oxidation or synthesis with 
other bodies, and appear as so-called aromatic compounds. That the 
benzene ring is destroyed in the body in certain cases is very prob- 
.■..able." ■' 

The fact that benzene may be oxidized outside of the body into car]3on 
dioxide, oxalic acid, and volatile fatty acids has been known for a long 
time ; and as in these cases a rupture of the benzene ring must take place, 
so also, it must be admitted, when aromatic substances undergo a com- 
bustion in the animal body, a splitting of the benzene nucleus with tiie 
formation of fatty bodies must be the result. If this does not occur, then 
the benzene nucleus is eliminated with the urine as an aromatic compound 
of one kind or another. As the benzene nucleus can protect a sii])starice 
belonging to the fatty series from destruction when conjugated with it, 


^ Smith, Pfliiger's Arch,, 5S, 5-5,. 57, and Zeitschr. f, physiol. Chern., 17; Salkowski, 
Virchow^s Arch., 6G; Mugeris Arch., SO; Goldmann, Zeitschr. f. physiol. Gheni., 0; 
also Baumaun and Kast, ibid., 14. 

2 Siiiiclvik, Maly's Jahresber.> 16.;; .Musculus and v. Mering, Ber. d. deutscin chem, 
Gesellsch., 8; also v. Mering, '.Zeitschr; f. physiol Chem., Cl; ICtik, Phuger's': 

Arch., 28 and Oi Neubauer AArch.. f. -exp. 'Path. u. Pliarm., 46. 
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which is the case with the gly cocoll of hippuric acid, it seems that the 
aromatic nucleus itself may likewise be protected from oxidation in the 
organism by synthesis with other bodies. ■ The aromatic ethereal-sulphuric 
acids are examples of this kind. ■ 

■ The difficulty in deciding whether the benzene ring itself is destroyed 
in the body lies in the fact that we do not know all the different aromatic 
transformation products which may be produced by the introduction of 
any such substance into the organism, and which must be sought for in 
the urine. On this account it is also impossible to learn by exact quanti- 
tative determinations whether or not an aromatic substance ingested or 
absorbed appears again imchanged in the urine. Certain observations 
render it probable that the benzene ring, as above mentioned, is at least 
in certain cases destroyed in the body.- - Schotten,' Baumann, and others 
have found that certain amino-acids, such as 'phenylamino-pro^nonic 
acidj amino-cinnamic acid y and tyrosine, when introduced into the bod}- 
cause no increase in the quantity of known aromatic substances in the 
urine; this makes a destruction of these amino-acids in the animal body 
seem probable. According to F. Kngop ^ phenyl-a-lactic acid and phenyl- 
a-ketopropionic acid (phenyl pyroracemic acid) have a similar behavior, 
while Juvalta’s statement that phthalic acid is destroyed in the animal 
body is denied by E. Pribram.^ The benzene derivatives vary in behavior 
according to the position of the substitution, for, as found by R. Cohn ^ 
among the di-derivatives the ortho-compounds are more readily destro\^ed 
than the corresponding meta- or para-compounds. 

An oxidation in the side chain of aromatic compounds is often found, 
and may also occur in the nucleus itself. As an example, benzene is first 
oxidized to oxy benzene (Schuetzen and Naunyn), and this is then further 
in part oxidized into dioxyhenzenes (Baumann and Preusse). Naphtha- 
lene appears to be converted into oxynaphthalene, and probably a part 
also into dioxynaphthalene (Lbsnik and M. Nencki). The hydrocarbon 
with an amino- or imino-group may also be oxidized by a substitution of 
hydroxyl for hydrogen, especially when the formation of a derivative in 
the para-position is possible (Klingenbehg). For example, aniline, 
C6pl5-NIT2? passes into paraminophenol, w’hich latter passes into the 
urine as its ethereal-sulphuric acid, H2N.C6H4.O.SO2.OH (F. I\ItjLLER). 
Acetanilid is in part converted into acetyl paraminophenol (jAPFii and 


^ Schotten, Zeitsehr. f. physiol Ohem., 7 and S; Baumann, ihid., 10, 130. In regard 
to the behavior of tyrosine, see especially Blendermann, ibuL, 0; Schotten, ibid,, 7; 
Bass, ibid,, 11; and R. Cohn, ibid., H; F. Knoop, Der Abbau aromatischer Pett- 
saureii im Tierkorper, Habilit.-Sehrift, Freiburg, 1904. ’ . ' , ’ : 

Juvalta, Zeitsehr. f. physiol. Ohem., 13; Pribram, Arch, f, exp. Pfith. u. Phann., 51 . 
* Zeitsehr, f. physiol. Chem., 17 . 
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.. Hilbert, ,.K. Morner), and carbazol ' into ' oxycarbazol (Klingen-' 

BERG ^). 

An oxidation of the side chain may occur by the hydrogen atoms being 
replaced by hydroxyl, as in the oxidation of indol and skatol into indoxyl 
and skatoxyL An oxidation of the side chain may also take place with the 
formation of carboxyl; thus, for example, toluene, C6H5.OH3 (Schultzex 
and Naunyn), ethyl-henzene, CGH5.C2H5, and 'propylhenzenCj C6H5.C3H7 
(NencivI and Giacosa^), besides many other bodies, are oxidized into 
benzoic acid. Cymene is oxidized to cumic acid, xylene to toluic acid, 
methylpyridine to pyridine-carboxylic acid in the same way. If the side chain 
has several members, the behavior is somewhat different. Phenylacetic acid, 
C6H5.CH2’C00H, in which only one carbon atom exists between the ben- 
zene nucleus and the carboxyl, is not oxidized, but is eliminated after con- 
jugation with gly cocoll as phenaceturic acid (Salkowski^). Phenylamino- 
acetic acid, C6H5.OHNH2.COOH is in part converted into mandelic acid 
(phenylgly collie acid), CeHs.CHOH.COOH, and in great part is eliminated 
as such (ScHOTTBN, Knoop , Phenylpropionic acid^ C6H5.CH2.GH2.COOH, 
with three carbon atoms in the side chain, is, on the contrary, oxidized 
into benzoic acid, and H. and E. Salkowski^ have proposed the rule that 
the homologues of the benzoic acids are converted into benzoic acid when 
the side chain contains more than two carbon atoms. 

Knoop has shown by experiments with several acids, such as phenyl- 
butyric acid, phenyl-Qj-lactic acid and others that this rule does hot hold 
good. The phenylbutyric acid, C6H5CH2.GH2.CH2.COOH, is not oxidized 
in the animal body into benzoic acid, but into phenylacetic acid, and the 
phenyl-adactic acid, C6H5.CH2.CH (OH). COOH, is decomposed nearly en- 
tirely and only a small residue is eliminated unchanged. Knoop has, on the 
contrar}^, made it very probable that, at least for the saturated, normal fatty 
acids with phenyl substituted at the end, on their oxidation they follow 
the rule that the carboxyl group produced from the body stands in the fJ 
position to the original carboxyl. This explains, for example, the forma- 
tion of phenylacetic acid from phenylbutyric acid, and benzoic acid from 
phenylvalerianie acid, C6H5.CH2.CH2.CH2.CIi2-COOH, for in the last- 

^ Schultzen and Naunyn, Reichert and Arch. f. (Anafc. u.) Physiol., 1867; Baumann 
and Preusse, Zeitschr, f. physiol. Ghem., 3, 156. See also Nencid and Giacosa, ibid,, 4; 
Lesnik and Nencki, Arch. f. exp. Path. u. Pharm., 24 ; P, Miiller, Deiitsch, med. 
Wochenschr., 1887; Jaff^ and Hilbert, Zeitsclir. f. physiol. Ghem., 12; Morner, ibuL, 
13; Klingenberg, *'Btudien iiber die Oxydation aromatischer Substanzen/" etc, 
Inaug.-Diss. Rostock, 1891. In regard to formanilid, which acts essentially as 
acetanilid, see Kleine, Zeitschr. t physiol. Ghem., 22* 

^ Zeitschr. f, physiol.' Ghem., 4, 
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mentioned case pheiiylpropionic acid must first be produced and tben 
benzoic acid from this. Exceptions to this rule are the propionic acids 
substituted in the a-positiouj i.e.^ phenylalanine ; phenyl-a-iactic acid/and 
phenyl-a-ketopropionic acid, which, like tyrosine and a-amiiio-cinnamic 
acid, are burnt in the body. Schotten’s rule, according to which all acids 
having three carbon atoms in the side chain of which the middle one has 
a NH2 group attached, are nearly completely burnt in the organism, has 
been extended by these exceptions. 

If several side chains are present in the benzene nucleus, then only one 
is always oxidized into carbox3d. Thus xylene, 06114(0113)2, is oxidized 
into toluic acid j C6H4(CH3)COOH (Schultzen and Naunyn); mesitylene, 
C6H3(CH3)3, into mesitylenic acid, C6H3(CH3)2.COOH (L. Nencki); cymene, 
(GH3)2CH.C6H4.CH3, into cumic acid (M. Nencki and Ziegler i); and 
OCH 

vanillinf OH.C6H3<qj^q^, into, mnilUnic acid (Y. Kotakb),^ 

Reductions may also occur and examples of this kind are the conver- 
sion, as observed by E. Meyer, ^ of nitrobenzene. C6H5NO2, or of nitrophenolp 
HO.C6H4.NO2 into aminophenol, HO.C6H4.NH2, and also the behavior 
of m-nitrobenzaldehyde in the animal body as mentioned below. 

Syntheses of aromatic substances with other atomic groups occur fre- 
quently. To these syntheses belongs, in the first place, the conjugation of 
benzoic acid with glycocoll to form hippuric acid, the discovery of wUich is 
generally* ascribed to Wohler, but according to Hefpter'^ more correctly 
to Keller and Ure. All the numerous aromatic substances which are 
converted into benzoic acid in the body are voided partly as hippuric acid. 
This statement is not true for all species of animals. According to the 
observations of jAFEEy benzoic acid does not pass into hippuric acid in 
birds, but into another nitrogenous acid, ornithuric acid. C19H90N2O4. This 
acid yields as splitting products, besides benzoic acid, ornithine, a body 
which has been spoken of on page 97 . Not only are the oxyhenzoic odds 
and the substituted benzoic acids conjugated with glycocoll, forming corre- 
sponding hippuric acids, but also the above-mentioned acids, toluic, mesity- 
lenic. cumic, and phenylacetic acids. These acids are voided as toluric, 
mesitylenuric, cuminuric, and phenaceturic acids. 

It must be remarked in regard to the oxybenzoic acids that a conju- 
gation W'ith glycocoll has been shown only with salicylic and p-oxy benzoic 


^ L. Nencki, Arch. f. exp. Path. n. Pharm., 1; Nencki and Ziegler, Ber. d. deiitsch. 
chem. Gesellsch., 5. See also 0. Jacobsen, tbid,, 12. 

® Zeitschr. f. physiol. Chem., 45. , ■ , , 

^ Die Ausscheidimg korperfremder Substanzen im Harn, Ergebnisse der Physiol, 4 , 

® Ber. d. d. ehem. Gesellsch., 10 and Xl; 
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acid ■ (Beetag^ninI;^Baumats[^n, Heeter, and others), : while , BatounN' and; 
Herter ^ find it only very probable for m-oxybenzoic acid. The oxy- 
benzoic acids are also in part eliminated as conjugated sulphuric acids^ 
which is especially true for m-oxybenzoic acid. The three aminobenzoic 
acids, according to the experiments of Hildebrandt, on rabbits, appeared 
at least in part unchanged in the urine. Saekowski found, as was later 
confirmed by R. Cohn, ^ that m-aminobenzoic acid passes in part into 
uraminohenzoic acid, H2N.CO.HN.C6H4.COOH. It is also in part elimi- 
nated as aminohippiiric acid. 

The behavior of the halogen-substituted compounds of toluene varies 
in different animals according to Hildebrandt^s experiments. In dogs 
they are converted into the corresponding substituted hippuric acid. In 
rabbits o-bromtoluene is completely changed to hippuric acid, the m- and 
p-bromtoluene only partly. The three chlortoluenes are converted in rab- 
bits into the corresponding benzoic acid and are eliminated as such and 
not as hippuric acid. 

The substituted aldehydes are of special interest as substances which 
may undergo conjugation with glycocolL According to the investigations 
of R. OoHN^ on this subject o-nitrobenzaldehyde when introduced into a 
rabbit is only in a very small part converted into nitrobenzoic acid, and 
the chief mass, about 90 per cent, is, destro3md in the body. According 
to SiEBER and Smirnow ^ m’-nitrohenzaldehyde passes in dogs into ???-nitro- 
hippuric acid, and according to Cohn into urea-m-nitrohippurEte. In 
rabbits the behavior is quite different. In tins case not only does an oxida- 
tion of the aldehyde into benzoic acid take place, but the nitro-group is 
also reduced to an amino-group, and finally acetic acid attaches itself to 
this with the expulsion of water, so that the final product is m-acelyl- 
aminobenzoic acid, CH3.CO.NH.C6H4.COOH. This process is analogous 
to the behaA-fior of furfurol, and the reduction does not take place in the 
intestine, but in the tissues. The p-nitrobenzaldehyde acts in rabbits in 
part like the m-aldehycle and passes in part into i^acetylaminobenzoic add. 
Another part is converted into p-nitrobenzoic acid, and the urine contains 
a chemical combination of equal parts of these twm acids. According to 
SiEBER and Smirnow p-nitrobenzaldehycle yields only urea ^Miitrohip- 
purate in dogs. The above-mentioned. pyndme-carfcox^Zic acid, formed from 


^ Zeitschr. f. physiol Cheiix., 1 , where Bertagnini's work is also cited. See also 
Daiitzciiberg, Malyhs Jahresber., II, '23, h 

Saikowski, 2eitsclir. f. physiol Ohem,, 7; Cbhrt, ibid., 17; Hildebraiidt, Hof- 

^ ^eitschr. L physiol Clie3n.,;17. ^ 

; •* Monatshefte f. 'ChemA -Bi' 

> ■ ^ 



metliylpyridine (a-picolm^ passes into the, urine after conjugation with 
giycGcoll as 

To those substances which undergo a conjugation with glycocoll belongs 
also furfurol (the aldehyde of pyromucic acid), which, when introduced into 
rabbits and dogs, as shown by Japfe and Cohn 2 is first oxidized into pyro- 
mueic acid and then eliminated as 'pyromucuric acid, G7H7N4O, after 
conjugation with glycocoll. In birds this behavior is different, namely, 
the acid is conjugated with another substance, ormfe>ie, G5Hi2N202, which 
is a diaminovalerianic acid, forming aad. 

Furfurol also undergoes conjugation wdth glycocoll in other forms in 
mammals. Thus Jaff^ and Cohn found that it is in part combined with 
acetic acid, forming furfitracrylic acid, C4H30.CH:CH.C00H, which passes 
into the urine coupled with glycocoll as jurfuracryluric acid. 

It has not been proved how thiophene, C4H4S, behaves in the animal 
bod3u Of methylthiophene (thiotolene) , C4H3S.GH3, a very small part is 
oxidized to thiophenic acid, C4H3S.COOH (Levy). This acid, as shown 
by Jafff] and Levy is conjugated with glycocoll in the body (rabbits) 
and eliminated as thiophenuric acid. 

Another vei7 important synthesis of aromatic substances is that of 
the ethereal-sulphuric acids. Phenols and chiefly the hydroxylated aromatic 
hydrocarlons and their derivatives are voided as ethereal-sulphuric acids, 
according to Baumann, Herter and others.^ 

A cotijugation of aromatic acids with sulphuric acid occurs less often. 
The two previously-mentioned aromatic acids, p-oxyphenylacetic and p-oxy-^ 
phenylpropionic acid, are in part eliminated in this form. Gentisic acid 
(hydroquinone-carboxylic acid) also increases, according to Likhatscheff,^ 
the quantity of ethereal-sulphuric acid in the urine, and according to Rost 
the same occurs, contrary to the older statements, with gallic acid (trioxy- 
benzoic acid) and tannic acid.^ 

While acetophenone (phenylmethylketone), C6H5.CO.CH3, as shown by 
M. Nencki, is oxidized to benzoic acid and eliminated as hippuric acid, 
the aromatic oxyketones wdth hydroxyl groups, such as resacetophenone, 

^ In regard to the extensive literature on glycocoll conjugations we refer the reader 
to O. Kiihling, Ueber Stoffwechselprodukte aromatischer Korper. Inaug.-Diss., 

^ Ber.>d. d. Chem. Gesellsch., 20 and 21. 

® Le\w? Ikfoer das Verhalten einiger Thiophenderivate, etc., Inaug.-Diss., Konigs- 
berg, 1889; Jaffe and Le\y, Ber. d. d. chem. Gesellsch., 21. ' ; 

" In regard to the literature, see O. Ivuhling, L c. 

^Zcitschr. f. physiol. Chem., 21. ' , . ' - ' 

In regard to the behavior of galEe and taxmic acids in the animal body, see C. 
Mdrner, Zeitschr, f. ph 5 ?-sioL Chem,, 16, which also contains the older literature; ako’ 
Harnack, ibid., 24, and Rost, Arch. f. exp. .Path. u. Pharm., and. Sitzungsber. d. 
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C0H3(OH) (OH)(CO.CH3), ' paraoxypropiophenoney ■ C@H4(OH),(COCH2.CH3), 

1.2 . ' "3 "4 

and gallacetophenone, C6H2(OH)(OH)(OH)(CO.CH3), pass into the urine 
without pre\dou 3 oxidation as ethereal-sulphuric acids and in part after 
conjugation with glucuronic acid (Nencki and Rekowski^). Euxanthon. 
which is also an aromatic oxy ketone, passes into the urine as aefd 

after the conjugation with glucuronic acid previously mentioned. 

K conjugation of other aromatic substances glucuronic acid 
last is protected from combustion, occurs rather often. The phenols, as 
above stated (page 590), pass in part as conjugated glucuronic acids into 
the^urine. The same is true for the homologues of the phenols, for certain 
substituted phenols, and for many aromatic substances, also h^^drocarbons 
after previous oxidation and hydration. Thus Hilbebrandt and Fromm 
and Clemens 2 have shown that %hd cyclic terpenes and camphors, by oxida- 
tion or hydration, or in certain cases by both, are converted into hydroxyl 
derivatives when the body in question is not previously hydroxy lized, and 
that these hydroxyl derivatives are eliminated as conjugated glucuronic 
acids. Conjugated glucuronic acids are detected in the urine after the intro- 
duction of various substances, e.g., therapeutic agents into the organism, 
namely, terpenes, horneol, menthol, camphor (camphoglucuronic acid was 
first observed by Schmiedeberg), naphthalene^ oil of turpentine, oxyquino- 
lines, antipyrine, and many other bodies.^ Orthonitrotoluene in dogs passes 
first into o-nitrobenzyl alcohol and then into a conjugated glucuronic acid, 
uronitrotoluolic acid (Jaff£).^ The glucuronic acid split off from this 
conjugated acid is levog^u'ate and hence is not identical but only isomeric 
vith the ordinary glucuronic acid. Dimethylaminobenzaldehyde, according 
to Jaffe, is converted in part into dimeihylammobenzoglucuronic acid 
in rabbits. The same conjugated glucuronic acid is also produced, accord- 
ing to Hilbebrandt 5 from p-dimetlujUoluidine, which is first changed into 
p-diniethylaminobenzoic acid, Indol and skatol seem, as above stated 
(page 595), to be eliminated in the urine partly as conjugated glucuronic 
acids. 

A synthesis in which compounds containing m\p)i\n:,mercapturic acids, are 
formed and eliminated after conjugation with glucuronic acid, occurs viien 

^ Arch. d. scienc. biol, de St. Petersfoourg, 3, and Ber. d. deutsch. chem. Gesell- 

2 Hildebrandt, Arch, f. exp. Path. u. Pharm., 45, 40; Zeitschr. f. physiol. Chein., 
10; with Fronmi, ibid., ^>3; and with Clemens, ibid,, Z1; Fronmi and Clemens, ibid., S4. 

^ See O. Kiihling, 1. c., which givesdhe literature up to 18S7: also E. Killz, Zeitschr. 
f. Biologic, 27; the works of Hildebrandt, Fromm and Clemens, see foot-note, 2;, 
Prahni, Zeitschr. f. physiol. Chem., 28; Fenyvessy, ihuL, 30; Bonanni, Ilofmoister's 
Boitriige, 1; LawTOw, Ber.:d. d. chem, Gesellseh., 33, 

® Jaffe, Zeitschr. f . ' phyaidL Qham,, 43; Hildebrandt, Hofmeister's Beitrage, 7, 
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cMorine and bromine derivatives of benzene are introduced into the organism 
of. dogs (Baumann and Preusse, Jaffe). .Thus chlorbenzene combines 
with cysteine, ioTimiig cMorphenylmercapturic acid, CiiHi 2 CiSN 03 . The 
important investigations of Friedmann ^ show that the phenylthiolactic acid 
which forms the foundation of the mercapturic acids belongs to the /3-series, 
and in this way the direct chemical connection of this body with the pro- 
tein-cystine (a-amino-/9-thiolactic acid) is established. Friedmann has 
also been able to convert cysteine into bromphenylmercapturic acid. 

Pyridine, C 5 H 5 N, which does not combine either with glucuronic acid 
or with sulphuric acid after previous oxidation^ shows a special behavior. 
It takes up a methyl group as found by His and later confirmed by Cohn,^ 
and forms an ammonium combination, methylpyridylammonium hydroxide, 
HO.CH 3 .NC 5 H 5 . 

Several alkaloids, such as quinine, morphine, and strychnine, may pass 
into the urine. After the ingestion of turpentine, balsam of copaiva, and 
resins, these may appear in the urine as resin acids. Different kinds of 
coloring-matters, such as alizarin, crysophanic acid, after rhubarb or senna, 
and the coloring-matter of the blueberry, etc., may also pass into the urine. 
After rhubarb, senna, or. santonine the urine assumes a yellow or greenish- 
yellow color, which is transformed into a beautiful red by the addition 
of alkali. Phenol produces, as above mentioned, a dark-brown or dark- 
green color which depends mainly on the decomposition products of hydro- 
quinone and humin substances. After naphthalene the urine has a dark 
color, and several other medicinal agents produce a special coloration. 
Thus after antipyrine it becomes yellow or blood-red. After balsam of 
copaiva the urine becomes, when strongly acidified with hydrochloric acid, 
gradually rose- and purple-red. After naphthalene or naphthol the urine 
gives with concentrated sulphuric acid (1 c.c. of concentrated acid and a 
few drops of urine) a beautiful emerald-green color, which is probably due 
to naphthol-glucuronic acid. Odoriferous bodies also pass into the urine. 
After asparagus the urine acquires a disgusting odor which is probably due 
to methylmercaptan, according to M. Nencki.^ After turpentine the urine 
may have a peculiar odor similar to that of violets. 


^ Baumann and Preusse, Zeitschr. f. physiol. Chem., 5; Jaff^, Ber. d. deutscli, 
chem. Gesellsch., 12; Friedmann, Hofmeister's Beitrage, 4. 

2 His, Arch. f. exp. Path. u. Pharm., 22; Cohn, Zeitschr. f. physiol. Chem., 18* 

® Arch. f. exp. Path. u. Pharm., 28. 
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Proteid. The appearance of slight traces of proteid in normal urines 
has been repeatedly observed by many investigators, such as Posner, 
Plosz. v. Noorden, Lbube, and others. According to K. Morner ^ pro- 
teid regularly occurs as a normal urinary constituent to the extent of 22-78 
milligrams per liter. Frequently traces of a substance similar to a iiucleo- 
albiimin, which is easily mistaken for mucin, and whose nature will be 
treated of later, appear in the urine. In diseased conditions proteid 
occurs in the urine in a variety of cases. The albuminous bodies which 
most often occur are serglobulin and seralbumin. Proteoses (or pep- 
tones) are also sometimes present. The quantity of proteid in the urine 
is in most eases less than 5 p. m., rarely 10 p. m., and only very rarely does 
it amount to 50 p. m. or over. Cases are known, however, where it was 
even more than 80. p m. 

Among the many reactions proposed for the detection of proteid in 
urine, the following are to be recommended: 

The Heat Test. Filter the urine and test its reaction. An acid urine 
may, as a rule, be boiled without further treatment, and only in especially 
acid urines is it necessary to first treat with a little alkali. An alkaline 
urine is made neutral or faintly acid before heating. If the urine is poor in 
salts, add 1-10 vol, of a saturated common-salt solution before boiling; then 
heat to the boiling-point, and if no precipitation, cloudiness, or opalescence 
appears, the urine in question contains no coagulable proteid, but it may 
contain proteoses or peptones. If a precipitate is produced on boiling, this 
may consist of proteid, or of earthy phosphates, or of both. The mono- 
hydrogen calcium phosphate decomposes on boiling, and the normal phos- 
phate may separate out. The proper amount of acid is now added to the 
urine, so as to prevent any mistake caused by the presence of earthy phos- 
phates, and to give a better and more flocculent precipitate of the proteid. 
If acetic acid is used for this, then add 1-3 drops of a 25 per cent acid 
to each 10 c.c. of the urine and boil after the addition of each drop. Gn 
using nitric acid, add 1-2 drops of the 25 per cent acid to each cubic centi- 
meterr of the boiling-hot urine. 

On using acetic acid, when the quantity of proteid is Yevy small, and 
especially when the urine was originally alkaline, the proteid may some- 
times remain in solution on the addition of the above quantity of acid. 
If, on the contrary, less acid is added, the precipitate of calcium pliosphate, 
which forms in amphoteric or faintly acid urines, is liable not to dissolve 
completely, and this may cause it to be mistaken for a proteid precipitate. 
If nitric acid is used for the heat test, the fact must not be overlooked tliat 
after the addition of onl}^ a little acid a combination between it and the 
proteid is formed which is soluble on boiling and which is only precipitated 
by an excess of the acid. On this account the large quantity of nitric acid, 
as suggested above, must .be added",' but in this case a small part of the 


^ Skand. Arch, f. Physiol, 0 (literature). 


PROTEID. 


, 641 : 


proteid is liable to be dissolved by the excess of the nitric acid. When 
the acid is added after boiling, which is absolutely necessary, the liability 
of a mistake is not: so great. It is on these grounds that: the heat test, 
although it gives very good results in the hands of experts, is not recom- 
mended to physicians as a positive test for proteid, 

A confounding with mucin, when this body occurs in the urine, is easily 
prevented in the heat test with acetic acid by acidifying another portion 
with acetic acid at the ordinary temperature. Mucin and nucleoaibumin 
substances similar to mucin are hereby precipitated. If in the perform- 
ance of the heat and nitric-acid test a precipitate first appears on cooling 
or is strikingly increased, then this shows the presence of proteoses in the 
iirine, either alone or mixed with coagulable proteid. In this case a further 
investigation is necessary (see below) . In a urine rich in urates a precipitate 
consisting of uric acid separates on cooling. This precipitate is colored and 
granular, and is hardly to be mistaken for an proteoses or proteid precipitate. 

Heller's test is performed as follows (see page 41) : The urine is very 
carefully floated on the surface of nitric acid in a test-tube. The presence 
of proteid is shown by a white ring between the two liquids. With this 
test a red or reddish- violet transparent ring is always obtained with normal 
urine ; it depends upon the indigo coloring-matters and can hardly be mis- 
taken for the white or whitish proteid ring, and this last must not be mis- 
taken for the ring produced by bile-pigments. In a urine rich in urates 
another complication may occur, due to the formation of a ring produced 
by the precipitation of uric acid. The uric-acid ring does not lie, like the 
proteid ring, between the two liquids, but somewhat higher. For this rea- 
son two simultaneous rings may exist in urines which are rich in urates and 
do not contain very much proteid. The disturbance caused by uric acid 
is easily prevented by diluting the urine with 1-2 vols. of water before 
performing the test. The uric acid now remains in solution, and the deli- 
cacy of Heller's test is so great that after dilution only in the presence 
of insigniflcant traces of proteid does this test give negative results. In 
a urine very rich in urea a ring-like separation of urea nitrate may also 
appear. This ring consists of shining crystals, and it does not appear 
in urine previously diluted. A confusion with resinous acids, vdiich also 
give a whitish ring with this test, is easily prevented, since these acids 
are soluble on the addition of ether. Stir, add ether, and carefully shake 
the contents of the test-tube. If the cloudiness is due to resinous acids, 
the urine gradually becomes clear, and on evaporating the ether a sticky 
residue of resinous acids is obtained. A liquid which contains true mucin 
does not give a precipitate with this test, but it gives a more or less strongly 
opalescent ring, which disappears on stirring. The liquid does not con- 
tain any precipitate after stirring, but is somewhat opalescent. If a faint, 
not wholly typical reaction is obtained wdth Heller's test after some 
time with undiluted urine, while the diluted urine gives a pronounced 
reaction, the presence is shown of the substance which used to be called 
mucin or nucleoaibumin. In this case proceed as described below for the 
detection of nucleoaibumin. ’ . 

If the above-mentioned possible errors and the means by which they may 
be prevented are borne in mind, there. is hardly another test for proteid 
in the urine which is at the same time, so easily performed, so delicate, and 
so positive as Heller's. With this test pven 0.002 per cent xf albumin 
may be detected without difficulty. ; Still the student must not be satisfied 
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with this test alone, but should apply at least a second one, such as the heat 
test. 111 performing this test the (primary) proteoses are^ also precipitated. 

The reaction with nietaphosphoric acid (see page 41) is very coiiYeiiieiit 
and easily performed. It is not quite so delicate and positive as Hellku s 
test. The proteoses are also precipitated by this reagent. 

Reaction with Acetic Acid and Potassium Ferrocyanide. Treat the urine 
first with acetic acid until it contains about 2 per cent, and then add drop 
by drop a potassium-ferrocyanide solution (1:20), carefully avoiding an 
excess. This test is very good, and in the hands of experts it is even more 
delicate than Heller^s. In the presence of very small quantities of pro- 
teid it requires more practice and dexterity than Heller’s, as the relative 
quantities of reagent, proteid, and acetic acid influence the result of the 
test. The quantity of salts in the urine likewise seems to have an influence. 
This reagent also precipitates proteoses. 

Spiegler\s Test. Spiegler recommends a solution of 8 parts mercuric 
chloride, 4 parts tartaric acid, 20 parts glycerine, and 200 parts water as a very 
delicate reagent for proteid in the urine. A test-tube is half filled with this 
reagent and from a pipette the urine is allowed to flow upon its surface drop by 
drop along the wall of the test-tube. In the presence of proteid a white ring is 
obtained at the point of contact between the two liquids. The delicacy of tliis 
test is 1 : 350,000. Jolles ^ does not consider this reagent suited for urines very 
poor in chlorine, and for this reason he has changed it as follows : 10 grams mer- 
curic chloride, 20 grams succinic acid, 10 grams NaCl, and 500 c.c. w’ater. ' 

Rock's Test. Treat the urine either with a 20 per cent watery solution of 
sulphosaiicylic acid or a few crystals of the acid. This reagent does not pre- 
cipitate the uric acid or the resin acids.^ 

As every normal urine contains traces of proteid, it is apparent that 
very delicate reagents are to be used only with the greatest caution. For 
ordinary cases Heller’s test is sufficiently delicate. If no reaction is 
obtained with this test within 2| to 3 minutes, the urine tested contains 
less than 0.003 per cent of proteid, and is to be considered free from proteid 
in the ordinary sense. 

The use of precipitating reagents presumes that the urine to be investi- 
gated is perfectly clear, especially in the presence of only very little pro- 
teid. The urine must first be filtered. .This is not easily done wnth urine 
contaming bacteria, but a clear urine may be obtained, as suggested by 
A. Jolles, by shaking the urine with infusorial earth. xAlthough a iitti'e 
proteid is retained in this procedure and lost, it does not seem to"be of any 
importance (Grutzner, Sghweissinger^). 

The different color reactions cannot be directly used, especially in deep- 
colored urines which contain only little proteid. The common salt of tlie 
urine has a disturbing action on Millon’s reagent. To prove more p<isi- 
tively the presence of proteid, the precipitate obtained in the boiling test 


SSpiegier, Wien. kiin. Wochenschr.,, 1892, and Centralbl. f, d. klin. Med,, 1893; 
Mies, Zeitschr. f. physiol Chem,, 21. ■ 

^ Pharmaceut. Centralbl, , 1889,. and Zeitschr. f. physiol Chem., 29. 

® Jolles, Zeitschr. f.^anal dhem,,.29;: ■Grutzner, • Chem. Cenrtalbl, 1901, 1; Schweis-; 
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iniiy be filtered, washed, and then tested with ]\1 illo]n'’s reagent. The 
precipitate may also be dissolved in dilute alkali and the biuret test applied 
to the solution. The presence of proteoses or peptones in the urine is 
directly tested for by this last-mentioned test. In testing the urine for 
proteid one should never be satisfied with one reaction alone, but must 
apply the heat test and or the potassium-ferrocyanide test. In 

using the heat test alone the proteoses may be easily overlooked, but these 
are detected, on the contrary, by Heller's or the potassium-ferrocyanide 
test. If only one of these tests is employed, no sufficient intimation of the 
kind of proteid present can be obtained, whether it consists of proteoses 
or coagulable proteid. 

For practical purposes several dry reagents for proteid have been recommended. 
Besides the metaphosphoric acid may be mentioned Stutz^s or Furbringer’s 
gelatine capsules, which contain mercuric chloride, sodium chloride, and citric 
acid; and Geissler’s albumin-test papers, which consist of strips of filter-paper 
which have been dipped in a solution of citric acid and also mercuric-chloride and 
potassium-iodide solution and then dried. 

If the presence of proteid has been positively proved in the urine by 
the above tests, it then remains necessary to determine its character. 

The Detection of Globulin and Albumin, In detecting serglobulin the 
urine is exactly neutralized, filtered, and treated with magnesium sulphate 
in substance until it is completely saturated at the ordinary temperature, 
or with an equal volume of a saturated neutral solution of ammonium sul- 
phate. In both cases a white, fiocculent precipitate is formed in 'the 
presence of glubulin. In using ammonium sulphate with a urine rich in 
urates a precipitate consisting of ammonium urate may separate. This 
precipitate does not appear immediately, but only after a certain time, and 
it must not be mistaken for the globulin precipitate. In detecting ser- 
albumin heat the filtrate from the globulin precipitate to boiling-point, or 
add about 1 per cent acetic acid to it at the ordinary temperature. 

For the detection and also for the quantitative estimation of the various 
globulins (fibringlobulin, euglobulin, and pseudoglobulin) Oswald ^ has proposed 
the fractional precipitation with ammonium sulphate. It is still a question 
whether this method, which is not quite reliable, can be used in urine invest!- 

'.:gations. ' ' ■ ' ■ ■ 

Proteoses and peptones have been repeatedly found in the urine in 
different diseases. Reliable reports are at hand on the occurrence of pro- 
teoses in the urine. The statements in regard to the occurrence of pep- 
tones date from a time when the conception of proteoses and peptones 
was different from that of the present day, and in part they are based upon, 
investigations using untrustworthy rnethods. According to Ito^ true 

^ Munch, med. Wochenschr., 1904. . 

regard to the literature on proteoses and peptones in urine, see Huppert- 
Neubauer, Harn-Analyse, 10. Aufl., 466 to 492;, also A, Stoffregen, Ueber das Vorkom- 
men von Pepton im Harn, Sputum und Eiter (Inaug.-Diss., Dorpat, 1891); E. Hirsch- 
feldt, Ein Beitrag zur Frage der Peptonurie (Inaug.-Diss., Dorpat, 1892); and espe* 
dally Stadelmann, Untersuchungen liber die Peptonurie. Wiesbaden, 1894; Ehrstrom^ 
Bidrag till kannedomen om Aibumosurien, : Helsingfors, ,1900; Tto, Deutsch. Arch* 
■f. klin. Med.,71.' , ‘ ’ 
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.peptones,' are, sometimes found in, the urine in cases of pneimionia;: what 
has 'been designated as urine peptone. seems to, have beeir cliiefly deutero- 
peptones. 

In detecting the proteoses the proteid-free urine, or urine boiled with 
addition of acetic acid, is saturated with ammonium sulphate, which precipi- 
tates the proteoses. Several errors are here possible. The urobilin, which 
may give a reaction similar to the biuret reaction, is also precipitated and 
may lead to mistakes (Salkoavski, Stokvis ^). A small quantity of the 
proteid may remain in solution after coagulation and this may be precipi- 
tated by the ammonium sulphate and be mistaken for proteoses. The 
coaguiable proteid may be completely precipitated by saturating with 
ammonium sulphate in boiling solution; but according to Devoto^ small 
quantities of proteose may be formed from the proteid by heating for a long 
time with the salt. On heating for a short time no such formation of 
proteose takes place, and the proteids are completely coagulated. 

For these reasons Bang ^ has suggested the following method for the 
detection of proteoses in the presence of coaguiable proteid. The urine is 
heated to boiling with ammonium sulphate (8 parts to 10 parts urine) 
and boiled for a few seconds. The hot liquid is centrifuged for J to 1 min-^ 
ute and separated from the sediment The urobilin is removed from 
this by extraction with alcohol. The residue is suspended in a little water, 
heated to boiling, filtered, whereby the coaguiable proteid is retained 
on the filter, and any urobilin still present in the filtrate is shaken out 
with chloroform. The watery solution, after removal of the chloroform, 
is used for the biuret test. For clinical purposes this method is ver}^ ser- 
viceable. 

According to Salkowski the urine treated with 10 per cent hydrochloric 
acid is precipitated with phosphotungstic acid, then warmed, the liquid 
decanted from the resin-like precipitate, this washed with water, and 
then dissolved in a little water with the aid of some caustic soda, warmed 
again until the blue color disappears, cooled, and finally tested with copixsr 
sulphate. This method has been recently somewhat modified by v, Aldor 
and Cerny.^ in regard to other more complicated methods we refer to 
Huppert-Neubauer. 

Morawitz and Dietschy ^ first remove the proteid from the urine made 
faintly acid with acid potassium phosphate by the addition of double the 
volume of 96 per cent alcohol and warming on the water-bath for several 
hours. From the concentrated filtrate acidified with a little ■ sulphuric 
acid the proteoses can be precipitated by saturating with zinc sulphate. 
After the removal of the urobilin by alcohol and extracting with water, the 
biuret test may be applied. 

If the proteoses have been precipitated from a larger portion of urine 
by ammonium sulphate, this precipitate is tested for the presence of dif- 
ferent proteoses for the reasons given in Chapter II. The following serves 


qSaikowski, Berlin. Min. Wockenschr., ,1897; Stokvis, Zeitschr. f. Biologie, 

^ Zeitsciir f. physiol. Ciiem , 15. . 

^Deutsch. med. Wochenschr., 1898. 

Salkowski, Centralbl f. d. med. Wissensch., 1894; v.Aldor, Beri. klin. Wochenschr,, 
S€;' Cemy. '25eitschr. f. analyt. Chem,, 40. 

* Arch. f. exp. Path, u. Fharm^, 54. • • ' ' ' 
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as a prelimiiiaiy determination of the character of the proteoses present 
in the urine. If the urine contains only deuteroproteose it does not become 
cloudy on boiling, does not give Heller^s test, does not become cloudy 
on saturating with NaCl in neutral reaction, but does become turbid on 
adding acetic acid saturated with this salt. In the presence of only proto- 
proteose the urine gives Heller's test, is precipitated even in . neutral 
solution on saturating with NaCl, but does not coagulate on boiling. The 
presence of heteroproteose is shown by the urine behaving like the above 
with NaCl and nitric acid, but shows a difference on heating. It gradually 
becomes cloudy on warming and separates at about 60° C. a sticky precipi- 
tate which attaches itself to the sides of the vessel and which dissolves at 
boiling temperature on acidifying the urine; the precipitate reappears on 
cooling. 

In close relation to the proteoses stands the so-called Bence-Jone>s 
proteid, which occurs in the urine in rare cases in disease with changes in 
the spinal marrow. It gives a precipitate on heating to 40-60° C., which on 
further heating to boiling dissolves again more or less completely, depending 
upon the reaction and upon the amount of salt present. It does not sepa- 
rate on dialysis, but can be precipitated from the urine by double the 
volume of a saturated ammonium-sulphate solution or by alcohol. It 
has also been obtained as crystals (Grutterink and de Graaff, Magnus- 
Levy^). This body shows a somewhat different behavior in the various 
cases in which it has been found and its nature has not been explained. 
From the investigations of the above-mentioned and other experimenters 
(Moitessier, Abderhalden and Rostoski) we can draw the conclusion 
that this proteid is similar to the proteoses in several reactions, but that 
nevertheless it stands close to the genuine protein bodies. It also yields 
primary as well as secondary proteoses on peptic digestion (Grutterink 
and DE Graaff), and yields the same hydrolytic .cleavage products as the 
other proteids (Abderhalden and Rostoski). 

Quantitative Estimation of Proteid in Urine, Of all the methods pro- 
posed thus far, the coagulation method (boiling with the addition of 
acetic acid) when performed with sufficient care gives the best results. 
The average error need never amount to more than 0.01 per cent, and it 
is generally smaller. With this method it is best to first find how much 
acetic add must be added to a small portion of the urine, wffiich has been 
previously heated on the water-bath, to completely separate the proteid so 
that the filtrate will not respond to Heller's test. Then coagulate 
20-50-100 c.c. of the urine. Pour the urine into a beaker and heat on 
the water-bath, add the required quantity of acetic acid slowly, stirring 
constantly, and heat at the same time. Filter while warm, wash first 
with W'ater, then with alcohol and ether, dry and weigh, incinerate and 
weigh again. In exact determinations the filtrate must not give Hel- 

The separate estimation of globulins and albumins is done by care- 
fully neutralizing the urine and precipitating with MgS 04 added to satura- 
tion (Hammarsten), or simply by adding an equal volume of a saturated 


^ Magnus-Le\y, Zeitschr. f. physiol. Ghem., 30 (literature); Grutterink and de 
Graaff, ibid,, 34 and 46; Moitessier, Compt. rend, soc, biolog., 57; Abderhalden and 
Rostoski, Zeitschr. f. physiol. Chera., 46. 
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neutral solution, of ammonium 'sulphate (Hofmeister .and 'Pohl ^). The 
precipitate, comisting' of .globulin' 'is thoroughly washed with a, saturated 
magnesium-sulphate or half-saturated ammonium-sulphate solution, dried 
continuously at 110® G., boiled with w^ater, extracted with alcohol and 
ether, then dried, weighed, incinerated, and weighed again. The quan- 
tity of albumin is calculated as the difference between the quantity ot 
globulin and the total proteids. 

Af proximate Estimation of Proteid in Urine. Of the methods sug- 
gested for this purpose none has been more extensively employed than 
Esbaoh's. 

Esi 3 ACH^s^ Method, The acidified urine (with acetic acid) is poured 
into a specially graduated tube to a certain mark, and then the reagent 
(a 2 per cent citric-acid and 1 per cent picric-acid solution in water) is added 
to a second mark, the tube closed with a rubber stopper and carefully 
shaken, avoiding the production of froth. The tube is allowed to stand 
twenty-four hours, and then the height of the precipitate on the gradu- 
ation is read off. The reading gives directly the quantity of proteid in 
1000 parts of the urine. Urines rich in proteid must first be diluted with 
water. The results obtained by this method are, however, dependent 
upon the temperature; and a difference in temperature of 5° to 6.5® C. 
may cause an error of 0.2--0.3 per cent deficiency or excess in urines con- 
taining a medium quantity of proteid (Christensen and Mygge^). This 
method is only to be used in a room in which the temperature may be kept 
nearly constant. The directions for its use accompany the apparatus. 

Other methods for the approximate estimation of proteid are the optical 
methods of Christensen and Mygge, of Roberts and Stolnikow as modified 
by Brandberg, with Heller's test, which has been simplified for practical 
purposes by Mittelbach. The density methods of Lang, Huppert, and Zahor 
are also very good. In regard to these and other methods we refer to Huppert- 
-Neubauer’s Harn- Analyse, 10, Aufi. 

There is at present no trustworthy method for the quantitative estimation 
of proteoses and peptone in the imne. 

Nucleoalburnin and Mucin, According to K. ]\Iorner traces of urinary 
mucoids may pass into solution in the urine; othenvise normal urine con- 
tains no mucin. There is no doubt that there may be cases where true 
mucin appears in the urine; in most cases mucin has probably l^een mis- 
taken for so-called niicleoalbumin. The occurrence, under some circum- 
stances, of nucleoalbumin in the urine is not to be denied, as such substances 
occur in the renal and urinary passages; still in most cases this micleo- 
albumin, as shown by K. Mornee,'^ is of an entirely different kind. 

Every urine, according to M6 bneb,. contains a little proteid and in 
addition substances precipitating proteid- If the urine freed from salts l>y 

^ Hammarsten, Pfiagers Arch., 17; Hofmeister and Pohl, Arch, f exp. Path. u. 

regard to the literature on this method and the numerous exporiments to deter- 
mine its value, see Huppert-Neubauer, lO ' Aui., 853. 

*Skand. Arch. f. Physiol.^ f 
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dialysis is shaken with chloroform after the addition of 1-2 p. m. acetic 
acid, a precipitate is obtained which acts like a nncleoalbumin. If the 
acid filtrate is treated with seralbumin, a new and similar precipitate is 
obtained due to the presence of a residue of the substance which precipi- 
tates proteids. The most important of these proteid-precipitating sub- 
stances is chrondroitin-sulphuric acid and nucleic acid, although the latter 
appears to a much smaller extent. Taurocholic acid may in a few instances, 
especially in icteric urines, be precipitated. The substances isolated by 
different investigators from urine by the addition of acetic acid and called 
dissolved mucin” or ‘^nucieoalbumin” are considered by Morner to be 
a combination of proteid chiefly with chrondroitin-sulphuric acid, and to a 
less extent with nucleic acid, and also perhaps with taurocholic acid. 

As normal urine habitually contains an excess of substances capable of 
precipitating proteids, it is apparent that an increased elimination of so- 
called nucleoalbumin may be caused simply by an augmented excretion of 
proteid. This happens to a still greater extent in cases where the proteid 
as well as the proteid-pxecipitating substance is eliminated to an increased 
extent. 

Detection of so-called Nucleoalbumins, When a urine becomes cloudy 
or precipitates on the addition of acetic acid, and when it gives a more 
typical reaction with Hellee^s test after the dilution of the urine than 
before, one is justified in making tests for mucin and nucleoalbumin. As 
the salts of the urine interfere considerably with the precipitation of these 
substances by acetic acid, they must first be removed by dialysis. As large 
a quantity of urine as possible is dialyzed (with the addition of chloroform) 
until the salts are removed. Then acetic acid is added imtil it contains 
2 p. m,, and the mixture allowed to stand. The precipitate is dissolved in 
water by the aid of the smallest possible quantity of alkali and precipitated 
again. In testing for chrondroitin-sulphuric acid a part is warmed on the 
water-bath with about 5 per cent hydrochloric acid. If positive results are 
obtained on testing for sulphuric acid and a reducing substance, then chon- 
droproteid was present. If a reducing substance can be detected but no 
sulphuric acid, then mucin is probably there. If it does not contain any 
sulphuric acid or reducing substance, a part of the precipitate is exposed 
to pepsin digestion and another part used for the determination of any 
organic phosphorus. If positive results are obtained from these tests, 
then nucleoalbumin and nucleoproteid must be differentiated by special 
tests for nuclein bases. No positive conclusion can be drawm except by 
using very large quantities of urine. 

Nncleohdstone. In a case of pseudoleucsemia A. Jolles found a phosphorized 
protein substance which he considers as identical with nucleohistone. Histone is 
claimed to have been found in some cases by Krehl and Matthes, and by Kolisch 


^ Joiles, Ber. d. deutsch. chem. Gesellsch., 30;, Nrehl and Matthes, Deutsch. Arch^ 
f. kiln. Med., 54; Koiisch and Burian, Zeitschr. f., kiin. Med,, 29. 
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Blood and Blood-coloring Matters.’ The urine' may contain blood from 
hemorrhage in the kidneys or other parts of the urinary passages 
turia). In these cases, when the quantity of blood is not very small, the 
urine is more or less cloudy and colored reddish, yellowish-red, dirty red, 
brownish red, or dark brown. In recent hemorrhages, in which the blood 
has not decomposed, the color is nearer blood-red. Blood-corpuscles may 
be found in the sediment, sometimes also blood-casts and smaller or larger 
blood-clots. 

In certain cases the urine contains no blood-corpuscles, but only dis"* 
solved blood-coloring matters, haemoglobin, or, and indeed Ciuite often, 
metha^moglobin (h^emoglobinuria). The blood-pigments appear in the 
urine under different conditions, as in dissolution of blood in poisoning with 
arseniuretted hydrogen, chlorates, etc., after serious burns, after trans- 
fusion of blood, and also in the periodic appearance of haemoglobinuria 
with fever. In hsemoglobinuria the urine may also have an abundant 
grayish-brown sediment rich in proteid which contains the remains of the 
stromata of the red blood-corpuscles. In animals hsemoglobinuria may 
be produced by many causes which force free haemoglobin into the plasma. 

To detect blood in the urine, we make use of the microscope, the spec- 
troscope, the guaiacum test, and Heller's or Heller-Teicha£\.nn's test. 

Microscopic Investigation. The blood-corpuscles may remain undis- 
solved for a long time in acid urine; in alkaline urine, on the contrary^ they 
are easily changed and dissolved. They often appear entirely unchanged in 
the sediment; in some cases they are distended and in others unequally 
pointed or jagged like a thorn-apple. In hemorrhage of the kidneys a 
cylindrical clot is sometimes found in the sediment wdiich is covered with 
numerous red blood-corpuscles, forming casts of the urinary passages. 
These formations are called hZood-casis. 

The spectroscopic investigation is naturally of very great value; and if 
it be necessary to determine not only the presence but also the kind of 
coloring-matter, this method is indispensable. In regard to the optical 
behavior of the various blood-pigments we must refer to Chapter VI . 

Guaiacum Test Mix in a test-tube equal volumes of tincture of guaia- 
cum and old turpentine which has become strongly ozonized by the action 
of air under the influence of light. To this mixture, which must not have 
the slightest blue color, add the urine to be tested. In the presence of blood 
or blood-pigments, first a bluish-green and then a beautiful blue ring 
appears Avliere the two liquids meet. On shaking the mixture it l.)eeomes 
more or less blue. Normal urine or; one containing proteid does not give 
this reaction* According to Liebebmann ^ this reaction is brought about 
by the blood pigments acting as catalysators upon the organic peroxides 
existing in the turpentine, accelerating the decomposition of these mid the 
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active oxygen taken up by the guaiaconic acid which is oxidized to giiaiac 
blue (guaiaconic acid ozonide). Urine containing pus^ even when no blood 
is present, gives a blue color with these reagents ; but in this case the tincture 
of guaiacum alone, without turpentine, is colored blue b}' the urine ( V itali ^). 
This is at least true for a tincture that has been exposed for some time to 
the action of air and sunlight. The blue color produced by pus differs 
from that produced by blood-coloring matters by disappearing on heating 
the urine to boiling. A urine alkaline by decomposition must first be 
made faintly acid before performing the reaction. The turpentine should 
be kept exposed to sunlight, while the tincture of guaiacum must be kept 
in a dark glass bottle. These reagents to be of use must be controlled 
by a liquid containing blood. With positive results, however, this test is 
not absolutely decisive, because other bodies may give a similar reaction; 
but when properly performed it is so extremely delicate that when it gives 
negative results any other test for blood is superfluous. 

Heller-Teichmann’s Test, If a neutral or faintly acid urine contain- 
ing blood is heated to boiling, one always obtains a mottled precipitate 
consisting of proteid and hjsmatin. If caustic soda is added to the boiling 
hot test, the liquid becomes clear and turns green when examined in thin 
layers (due to haematin alkali), and a red precipitate, appearing green by 
reflected light, re-forms, consisting of earthy phosphates and hsematin. 
This reaction is called Heller^s blood-test. If this precipitate is col- 
lected after a time on a small filter, it may be used for the haemin test (see 
page 213). If the precipitate contains only a little blood-coloring matter 
with a larger quantity of earthy phosphates, then wash it with dilute acetic 
acid, which dissolves the earthy phosphates, and use the residue for the 
preparation of Teichmann^s haemin crystals. If, on the contrary, the 
amount of phosphates is very small, then first add a little CaCl 2 solution to 
the urine, heat to boiling, and add simultaneously with the caustic potash 
some sodium-phosphate solution. In the presence of only veiy small 
quantities of blood, first make the urine vety faintly alkaline with am- 
monia, add tannic acid, acidify mth acetic acid, and use this precipitate in 
the preparation of the hsemin crystals (Struve 

0. and R. Adler ^ have recommended leucomalachite green or benzidine in 
the presence of peroxide and acetic acid as especially sensitive reagents for blood. 
We have no great experience thus far as to the mode of use of these reagents 
in mine investigations. 

Hggmatoporphyrin, Since the occurrence of hsematoporphyrin in the 
urine in various diseases has been made very probable by several investi- 
gators, such as Neusser, Stokvis, MacMunn, Le Nobel, Copeman, and 
others,^ Salkowski has positively shown the presence of this pigment 
in the urine after sulphonal intoxication. It was first isolated in a pure 


^ See Malyhs Jaliresber., 18. , ‘ ' 

2 Zeitschr. 1 anal, Chem., 11. ■ - ' 

^Zeitschr. f. physiol. Chem., 41. " ' 

^ A very complete index of the literature on hsematoporphyrin in the urine may be 
found in R. Zoja, Su qualche pigmento di alcune urine, etc., in Arch. Ital. di. cin. 
Med., 1893. 
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ctystalline state by Hammaesten ^ from -the urine, of insane ■ women /after 
■sulphoiiar intoxication. According to Gareod and Saillet ^ traces ' of 
hsematoporpliyriii (Saillet^s urospectrin) occur regularly in normal 
urines. It is also found in the urine during different diseases; although 
it occurs only in small quantities. It has been found in considerable quan- 
tities in the urine after the lengthy use of sulphonal. 

Urine containing hsematoporphyrin is sometimes only slightty colored, 
while in other casesy as for example, after the use of sulphonal, it is more or 
less deep red. In these last-mentioned cases the color depends, in greatest 
part, not upon the haematoporphyrin, but upon other red or reddish-brown 
pigments which have not been sufficiently studied. 

In the detection of small quantities of L^matoporphyrin proceed as 
suggested by Garrod. Precipitate the urine with a 10 per cent caustic- 
soda solution (20 c.c. for every 100 c.c. of urine). The phosphate precipi- 
tate containing the pigment is dissolved in alcohol-hydrochloric acid (15-20 
c.c.) and the solution investigated by the spectroscope. In more exact 
investigations make the solution alkaline with ammonia, add enough acetic 
acid to dissolve the phosphate precipitate, shake with chloroform, which 
takes up the pigment, and test this solution with the spectroscope. 

In the presence of larger quantities of hsematoporphyrin the urine is 
first precipitated, according to Salkowski, with an alkaline barium- 
chloride solution (a mixture of equal volumes of barium-hydrate solution, 
saturated in the cold, and a 10 per cent barium-chloride solution), or, accord- 
ing to Hammarsten,^ with a barium-acetate solution. The washed pre- 
cipitate, which contains the haBmatoporphyrin, is allowed to stand some 
time at the temperature of the room with alcohol containing hydrochloric 
or sulphuric acid and then filtered. The filtrate shows the characteristic 
spectrum of hsematoporphyrin in acid solution and gives the spectrum of 
alkaline hmmatoporphyrin after saturation with ammonia. If the alcoholic 
solution is mixed with chloroform and a large quantity of water added and 
carefully shaken, sometimes a lower layer of chloroform is obtained which 
contains very pure haBmatoporphyrin, while the upper layer of alcohol and 
water contains the other pigments besides some luematoporphyrin. 

Other methods which have no advantage over this one of Garb, on have been 
suggested by Riva and ZojA as well as Saillet."* 

Baumstaek® found in a ease of leprosy two characteristic coloring-matters 
in the urine, uronibrohiematm'* and “ urofuscohinmatin,^' which, as their names 
indicate, seem to stand in close ralationship to the blood-coloring matters. Uro« 
rubrohmmatiny C(^Hg4N8Fe302fi, contains iron and shows in arid solution an absorp- 
tion-band in front of D and a broader one back of D. In alkaline solution it 


^ Salkowski, Zeitschr, f . physiol. Chem., 15; Hammarsten, Skand. Arcli. f . PliysioL, S. 
^Garrod,, Joum. of Physiol., IS (contains review of literature) and 17; Saillet, 

® Balkowski, L,c.; Hammarsten, I.; c.- .■■■■: 

^ Riva and'Zoja,^ 'Malyhs Jahresber., 24,;' Baiiiet, u c. See also Ncbelthau, Zeitschr. 

' ®Pfi%er’s Arch., ;y' v' 
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shows four bands — behind D, at E, beyond F, and behind G. It is not soluble 
either in water, alcohol, ether, or chloroform. It gives a beautiful brownish-red 
non-dichroitic liquid with alkalies. UrofuscohcBmatinf CesHioeNgOae, which is free 
from iron, shows no characteristic spectrum; it dissolves in alkalies, producing 
a brown color. It remains to be proved whether these two pigments are related 
to (impure) hiematoporphyrin. 

Melanin. In the presence of melanotic cancers dark pigments are some- 
times eliminated with the urine. K. Morner has isolated two pigments from, 
such a urine, of which one was soluble in warm 50--7o per cent acetic acid, while 
the other, on the contrary, was insoluble. The one seemed to be phymatorliusin 
(see Chapter XVI). Usually the urine does not contain any melanin, but a 
chromogen of melanin, a melaiiogm. In such cases the mine gives Eislet^s 
reaction, becoming dark-colored with oxidizing agents, such as concentrated 
nitric acid, potassium bichromate, and sulphuric acid, as well as with free sulphuric 
acid. Urine containing melanin or melanogen is colored black by a ferric-chloride 
solution (v. Jaksch ^). 

^ Urorosein, so named by Nencki,^ is a urinary coloring-matter occurring in 

I various diseases, but which is not a constituent of normal urine. The pigment 

does not occur preformed in the urine, but jfii*st makes its appearance after the 

: addition of mineral acids. It is readily soluble in water, dilute mineral acids, 

; ethyl and amyl alcohol, and can be removed from the acid urine by shaking with 

. the latter. It differs from indigo red in the following: Alkalies immediately 

decolorize a urorosein solution, but not an indigo-red solution. Urorosein is 
removed from its amyl-alcohol solution by shaking with dilute alkali, while indigo 
red is not. If the acid urine is shaken with chloroform, indigo red is taken up, 
but not urorosein. Urorosein is soon decomposed by light and shows a sharply 
defined absorption-band between D and E, The red pigment appearing in urines 
rich in skatol after the addition of hydrochloric acid differs from urorosein by 
being insoluble in water, but readily soluble in ether and ciiloroform. The state- 
ments in regard to the properties of skatoi-red are somewhat divergent, and it is 
therefore difficult to state a positive difference between urorosein and skatol-red. 

: ■ ■: 

; Pus occurs in the urine in various inflammatory affections, especially 

i in catairli’^oTlGe’badder and in inflammation of the pelvis of the kidn^s 

or of ^ the uretlma. " . 

'Pus is best detected by means of the microscope. The pus-cells are 
rather easily' destroyed" in alkaline' urihes? In defecting pus ' we malce *^use' : 

i drBoMS^s pits test/ which is the following way* Pour off ' 

5 the urine from the sediment as carefully as possible, place a small piece of 

[ caustic alkali on the sediment, and stir. If the pus-cells have not been f 

I previously changed, the sediment is converted by this means into a slimy | 

tough mass. ^ i 

The pus-corpuscles swell up in alkaline urines, dissolve, or at least are | 

so changed that they cannot be recognized under the microscope. The I 

urine in these cases is more or less slimy or fibrous, and the proteid can be | 

precipitated in large flakes by acetic acid, so that it might possibly be mis- j 

taken for mucin. The closer investigation of the precipitate produced by | 

acetic acid, and especially the appearance or non-appearance of a reducing 1 

1 substance after boiling it with a mineral acid, demonstrates the nature of | 

; the precipitated substance. Urine containing pus always contains proteid. | 


M6mer,'Zeitschr. f, physiol. Chem., 11 ; v, Jaksch, ibid,, IS. - 

2 Nencki and Sieber, Joiim. f. prakt. Choin.' ‘ ^ ■ 
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Bile-acids. The reports in regard to- the occurrence of bile-acids in- the 
urine under physiological conditions do, not agree. According to Dragen- 
DOP.FF and Hon'e traces of bile-acids occur in the urine ; according to l\:rACKAY 
and ¥. U'drInszky and' K. MorneR-^ -they do not. Pathologically they 
are present in the urine in hepatogenic icterus, although not invariably. 


Detection of Bile-acids in the Urine, Pettenkofer’s test gives the 
most decisive reaction; but as it gives similar color reactions with other 
bodies, it must be supplemented by the spectroscopic investigation. The 
direct test for bile-acids is easily performed after the addition of traces of 
bile to a normal urine. But the direct detection in a colored icteric urine 
is more difficult and gives very misleading results; the bile-acid must there- 
fore always be isolated from the urine. This ma}^ be done by the foliowing 
method of Hoppe-Seyler, which is slightly modified in non-essential 
points. 

Hoppb-Seyler’s Method. Concentrate the urine and extract the 
residue with strong alcohol. The filtrate is freed from alcohol by evapo- 
ration and then precipitated by basic lead acetate and ammonia. The 
w^ashed precipitate is treated with boiling alcohol, filtered hot, the filtrate 
treated with a few drops of soda solution, and evaporated to dryness. The 
diy residue is extracted with absolute alcohol, filtered, and an excess of 
ether added. The amorphous or, after a longer time, crystalline precipi- 
tate consisting of the alkali salts of the biliar>^ acids is used in performing 
Pettenkoper's test. 

Haycraft has suggested a reaction for clinical purposes which consists in 
sprinkling flow’ers of sulphur upon the urine. In icteric urine the powder cjuicMy 
sinks to the bottom, while in normal urine it remains on the surhice. The value 
of this test is still questioned. 

' forms of icterus. A. 

urine conttuning bile-pigments is ahvays abnormally colored — yallow^ 
yehowish brown, deep brown, greenish yellow, greenish browm, or nearly 
piire"g‘meiir~ "On shaking it froths and the bubbles are yellow or yellowish 
green m color. As a rule icteric urine is somewhat cloudy, and tiie sedi- 
ment is frequontiy, especially when it contains epithelium-cells, ratlier 
strongly colored by the bile-pigmehts. In r^'ard to the oceurrehce'"of 
urobilin in icteric urine see p. 604. 

Detection of Bile-coloring Matters in Urine, Many tests have been pro- 
posed for the detection of these substances. Ordinarily we obtain the best 
results either witli Gmeun^S' or^ with Huffert^s test. 

'Gmelih^s test may be applied directlv/ti) 'the urine; but it is better to 
use ^teTtle unne small fiTCer, 

wliicii oecomes aeepy coIorecrSom the retained epithehum-ctolis and bodies • 
t hat nature. to,.„iyS 

insiq£^ 0 £^tTie niter a drop of nitric acidjvhmh cmitains only very little 
nitrous spot wilI'T^lorme^j ^l^ is'siirroiihd ed'S y 

b'y ' ' ' ^Uited froin Hupi^rt-Neufoauer, 229. 
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colored rings which appear yellowish red, violet, blue, and green from 
within' outward. ' This modification is very delicate, and it is hardly possi- 
ble to mistake indicah and other coloring-matters for the bile-pigments. 
Several other modifications of Gmelin\s direct test, e. g., with concentrated 
suipliuric acid and nitrate, etc., have been proposed, but they are neither 
simpler nor more delicate than Rosenbach's modification. 

Huppert\s Reaction. In a dark-colored urine or one rich in indican 
good results" are not' always obtained with Gmelin’s test. In such cases, 
as also in urines containing blood-coloring matters at the same time, the 
urine is treated with lime-water, or first with some CaClo solution, and then 
with a solution of soda or ammonium carbonate. The precipitate which 
contains the bile-coloring matters is filtered, washed, dissolved in alcohol 
wdiich contains 5 c.c. of concentrated hydrochloric acid in 100 c.c. (I. IMunIc), 
and heated to boiling when the solution becomes green or bluish green. 
According to Nakayama ^ this reaction is more delicate on using a mixture 
of ferine chloride, acid, and alcohol. 

Hammabsten’s Reaction. For ordinary cases it is sufficient to add a 
few drops of urine to about 2-3 c.c. of the reagent (see page 322), when the 
mixture immediately after shaking turns a beautiful green or bluish green, 
which color remains for several days. In the presence of only very small 
quantities of bile-pigments, especially wffien blood or other pigments are 
simultaneously present, pour about 10 c.c. of the acid or nearly neutral 
(not alkaline) mine into the tube of a small centrifugal machine and add 
BaCl 2 solution and centrifuge for about one minute. The liquid is decanted 
off and the sediment stirred wfith about 1 c.c. of the reagent and centri- 
fuged again. A beautiful green solution is obtained, which may be changed 
by the addition of increased quantities of the acid mixture to blue, violet, 
red, and reddish yellowu The green color may be obtained in the presence 
of 1 part bile-pigment in 500,000-1,000,000 parts urine. In the^ presence 
of large amounts of other pigments calcium chloride is better suited than 
barium chloride. 

Bouma^ has suggested the use of alcohol containing ferric chloride 
and hydrochloric acid instead of the above-mentioned acid mixture. He 
has also wmrked out a colorimetric method of quantitative estimation of 
bilirubin in mine by means of this reagent. 

The very delicate reaction suggested by Jolles is unfortunately not 
serviceable on account of the formation of froth, especially in the presence 
of proteid and blood-pigments; but he has changed it by centrifuging the 
urine with chloroform and barium chloride and suspending the chloroform- 
barium residue in alcohol; after which he treats it with a solution of iodine 
and mercuric chloride in alcohol containing hydrochloric acid.^ The color 
becomes green or bluish green. This test seems to be good. 

Stokvis^s reaction is especially valuable as a control test in those cases 
in which the urine contains only very little bile-coloring matter together 
with larger quantities of other coloring-matters. The test is performed as 
follows: " 20-30 c.c. of urine is treated with 5-10 c.c. of a solution of zinc 


^Munk, Arch, f- (Anat. u.) Physiol., 1898; Nakayama, Zeitschr. f. physiol. 

2 Deutsch. med. Woehenschr,, 1902 and 1904. ^ / . , . 

® Deutsch. iirch. f. k in. Med., 78. ^ ■ • , ' ^ 
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acetate (1:5). The precipitate is washed on a small filter with water and 
then dissolved in a little ammonia. The new filtrate gives., either directly 
or after it has stood a short time in the air until it has a peculiar brownish- 
green color, the absorption-bands of bilicyanin (see page 322). This reac- 
tion is unfortunately not sufficiently delicate. 

j\Iany other reactions for bile-coloring matters in the urine have been 
proposed: but as those above mentioned are sufficient, it is perhaps only 
necessary to give here a few of the other reactions without entering into 
'details. ' 

SuiTK^s Reaction. Pour carefully over the urine some tincture of iodine, 
whereby a green ring appears between the two liquids. The urine may also be 
shaken with the tincture of iodine until it has a green color. 

Ehrlich ^s l^est. First mix the urine with an equal volume of dilute acetic 
acid and then add drop by drop a solution of sulphodiazobenzene. The acid 
mixture becomes dark red in the presence of bilirubin, and this color becomes 
bluish violet on the addition of glacial acetic acid. The sulphodiazobenzene is 
prepared by mixing 1 gram of sulphanilic acid, 15 c.c. of hychuchloric acid, and 
0.1 gram of sodium nitrite ; this solution is diluted to 1 liter with water. This 
test is not successful and positive when directly applied, if the urine is rich in other 
pigments. 

Medicinal COLORING-MATTERS produced from santonin, rhubarb, senna, etc., 
may give an abnormal color to the urine and may be mistaken for bile-pigmentsj 
or, in alkaline urines, perhaps for blood-coloring matters. If hydrochloric acid 
is added to such a urine, it becomes yellow or pale yellow, while on the addi- 
tion of an excess of alkali it takes on a more or less beautiful red color. 


Sugar in Urine. 

The occurrence of traces of dextrose in the urine of perfectly healthy 
persons has been, as above stated (page 608), quite positively proved. If 
sugar appears in the urine in constant and especially in large quantities, it 
must be considered as an abnormal constituent. In a previous chapter 
several of the principal causes of glycosuria in man and animals were men- 
tioned, and the reader is referred to Chapters VIII and IX for the essential 
facts in regard to the appearance of sugar in the urine. 

In man the appearance of dextrose in the urine has been observed under 
various pathological conditions, such as lesions of the brain and especially 
of the medulla oblongata, abnormal circulation in the abdomen, diseases 
of the heart, lungs and liver, cholera, and many other diseases. The 
continued presence of sugar in human urine, sometimes in very considerable 
quantities, occurs in diabetes mellitus. In this disease there may be 
an elimination of 1 kilogram or even more of dextrose per day. In tlie 
beginning of the disease, when the quantity of sugar is still very small, 
the urine often does not appear abnormal. In the more developed, typical 
cases the quantity of urine voided increases considerably, to 3-6-10 liters 
per day. The percentage of the physiological constituents is as a rule very 
low/ while their, absolute;_'d^ly ''quantity is'- increased. The urine is pale,' 
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but of a high specific gravity, 1.030-I.040 or even higher. The high spe- 
.cific gravity depends upon the quantity of sugar present, which varies in 
different cases, but may reach 10 per cent. The urine is therefore charac- 
terized in typical cases of diabetes by the veiy large quantity voided, by 
the pale color and high specific gravity, and by its containing sugar. 

• That the urine after the introduction into the system of certain medic- 
inal agents or poisonous bodies contains reducing substances, conjugated 
glucuronic acids, which may be mistaken for sugar, has alread}^ been men- 
tioned. 

The properties and reactions of dextrose have been considered in a 
previous chapter, and it remains but to mention the methods for the detec- 
tion and quantitative determination of dextrose in the urine. 

The detection of s?4par in the urine is ordinarily, in the presence of not 
too small quantities, a very simple task. The presence of only very small 
quantities may make its detection sometimes very difficult and laborious. 
A urine containing proteid must first have the proteid removed by coagu- 
lation with acetic acid and heat before it can be tested for sugar. 

The tests which are most frequently employed and are especially recom- 
mended are as follows : 

Trommf.b’s Test In a typical diabetic urine or one rich in sugar this 
test succeeds well, and it may be performed in the manner suggested on 
page 116. This test may lead to very great mistakes in urines poor in sugar, 
especially when they have at the same time normal or increased amounts of 
physiological constituents, and therefore it cannot be recommended to 
physicians or to persons inexperienced in such work. Normal urine con- 
tains reducing substances, such as uric acid, creatinine, and others, and 
therefore a reduction takes place in all urines on using this test. A separa- 
tion of copper suboxide does not generally occur, but still if one varies the 
proportion of the alkali to the copper sulphate and boils, there takes place 
an actual separation of suboxide in normal urines, or a peculiar yello-wish 
red liquid due to finely divided cuprous hydrate. This occurs especially 
on the addition of much alkali or too much copper sulphate, and by careless 
manipulation the inexperienced worker may therefore sometimes obtain, 
apparently positive results in a normal urine. On the other hand, as the 
urine contains substances, such as creatinine and ammonia (from the urea)^ 
which in the presence of only a little sugar may keep the copper suboxide 
in solution, the investigator may easily overlook small quantities of sugar 
that may be present. 

Trommer’s test may of course be made positive and useful, even in the 
presence of very small amounts of sugar, by using the modification sug- 
gested by Worm Muller. As this modification is rather complicated 
and requires much practice and exactness, it is probably rarely employed 
by the busy physician. The following test is to be preferred. - 

Alm^n^s bismuth test, which recently has been incorrectly called Ntlan- 
BER^s test, is performed with the alkaline-bismuth solution prepared as 
above described (page 116), For each test 10 c.c. of urine is taken and 
treated with 1 c.c. of the bismuth solution and boiled for a few minutes. 
In the presence of sugar the urine becomes dark yellow or yellowish 
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brown. Then it gTO\YS darker, cloudy, dark brown, or nearly black, and 
non-transparent. After a longer or shorter time a black deposit appears, 
the supernatant liquid gradually clears, but still remains colored. In the 
presence of only very little sugar the test does not become black or dark 
brown, but simply deeper-colored, and not until after some time is tiiere 
seen on the upper layer of the phosphate precipitate a dark or black layer 
(of bismuth?). In the presence of much sugar a larger amount of the 
reagent may be used without disadvantage. In a urine iDOor in sugar only 
1 c.c. of the reagent for every 10 c.c. of the urine must be employed. 

Small amounts of proteid may retard this reaction and reduce the deli- 
cacy of the test. Large quantities of proteid may, however, gi^'e rise to an 
error by forming bismuth sulphide, and therefore it must always be first 
removed. The statement of Bechhold that mercury compounds in the urine 
disturb the test has not been substantiated by Zeidlitz ^ on properly ])er- 
forming the test. Those sources of error wdiich in Trommer’s test are 
caused by the presence of uric acid and creatinine are removed by using 
this test. The bismuth test is, moreover, readily performed, and on this 
account is to be recommended to the physician. 

The bumping and ejection of the fluid can be readily prevented by heating 
over a very small flame after the test has been brought to a boil and by gently 
shaking the contents of the not too narrow test-tube. The recommendation 
of heating for a longer time in the water-bath, fifteen minutes or more, is to be 
discarded, as the delicacy of the test is thereby so much increased that it gives a 
reaction with a physiological sugar content of 0.02 per cent. 

When the amount of sugar in the urine is not less than 0.1 per cent a 
positive reaction is obtained if the test is boiled for 2“3 minutes and then 
allowed to stand quietly for 5 minutes. The phosphate precipitate is then 
black or nearly black. In detecting smaller quantities of sugar — 0.05 
per cent, the test as a rule must be boiled longer — about 5 minutes, ‘ 

The value of this test lies in the fact that it positively detects small 
quantities of sugar — 0.1 per cent or somewhat less. Equally with 
Trommee^s test it is a reduction test, and shows also certain other reducing 
bodies besides the sugar. These bodies are certain conjugated glucuronic 
acids which may appear in the urine. After the use of certain therapeutic 
agents, such as rhubarb, senna, antipyrine, salol, turpentine and others, 
the bismuth test gives positive results. From this it follows that we should 
never be satisfied with this test alone, especially when the reduction is not 
very great. When this test gives negative results the urine can be con- 
sidered from a clinical standpoint as free from sugar, and when it gives 
positive results other tests must be applied. Among these the fermentation, 
test and the polarization test are of special value. 

The question in what degree the use , of therapeutic agents affects tJie Worm- 
MijLi.ER test has been only slightly investigated. That normal urines some- 
times give the bismuth test is a common experience, and these urines according 
to the experience of Hammarsten and certain other observers, as a rule also 
give the Woem-Muller test when properly j)erformed. There does not seem to 
be any doubt that in many of these cases it is due to an increased quantity 
of pliysioiogical sugar in the urine. , Further investigations on this point are 
very desirable. 

^ Bechhold,''' Zeltsehr. f. phy^lh!.' Chem.,-,4Sp.Zeidlitz,- unpublished investigations. 
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■ Fermentation Test On using this test the process must vary accord- 
ing as the bismuth test shows small or large quantities of sugar. If a rather 
strong reduction is obtained, the urine may be treated with 3 ^east and the 
presence of sugar determined by the generation of carbon dioxide, in 
this case the acid urine, or that faintly acidified with a little sulphuric 
or hydrochloric acid, is treated with compressed yeast or yeast which has 
previously been -vvashed b}^ decantation with water. Pour this urine to 
which the yeast has been added into a Schrottee’s gas-burette or a Lohn- 
stein’s saccharimeter (see below). As the fermentation proceeds, the 
carbon dioxide collects in the upper part of the tube, while a corresponding 
quantity of liquid is expelled below^ As a control in this case two similar 
tests must be made, one with normal urine and yeast to learn the quantity 
of gas usually developed, and the other wdth a sugar solution and yeast 
to cletermine the activity of the 3 ^east. 

If, on the contrary, onfy a faint reduction with the bismuth test is 
founcl, no positive conclusion can be drawn from the absence of any carbon 
dioxide or the appearance of a very insignificant quantity. The urine 
absorbs considerable amounts of carbon dioxide, and in the presence of 
only small amounts of sugar the fermentation test as above performed 
may lead to negative or inaccurate results. In this case proceed in the 
following way : Treat the acid urine, or urine which has been faintly 
acidified with a little sulphuric acid, with yeast whose activity has been 
tested by a special test on a sugar solution, and allow’' it to stand 24-30 hours 
at about 30°. Then test again with the bismuth test, and if the reaction 
now^ gives negative results, then sugar w'^as previously present. But if the 
reaction continues to give positive results, then it shows, if the yeast is 
active, the presence of other reducing, unfermentable substances. 

In performing the fermentation test care should be taken that the urine 
be acid before as well as after fermentation. If the reaction becomes alka- 
line during fermentation (alkaline fermentation), then the test must be 
discarded. The vessel must be perfectly clean and strongly heated before 
use. To make sure the urine may be boiled before fermentation.^ 

If a good polariscope is at hand it must not be forgotten to control the 
results of the fermentation by determining the rotation before and after 
fermentation. The phenylhydrazine test also, in many othen\dse doubtful 
cases, gives good service in testing urines for sugar. 

Phenylht/drazine Test t According to y, Jaksch this test is performed 
in the following way: Add in a test-tube containing 6-8 c.c. of the urine 
tw^'O knife-points of phenylhydrazine hydrochloride and three knife-points 
of sodium acetate, and when the salts do not dissolve on warming add 
more w^ater. The test-tube is placed in boiling w^ater and warmed on the 
w’'ater-bath. It is then placed in a beaker of cold w’'ater. If the quantity 
of sugar present is not too small, a yellow^' cr^^stalline precipitate is noW' 
obtained. If the precipitate appears amorphous, there are found, on 
looking at it under the microscope, yellow^ needles singly and in groups. 
If very little sugar is present, pour the tesMnto a conicai glass and examine 
the sediment. In this case at least a few phenylglucosazone crystals are 


^ On the performance of the fermentation test and certain sources of error, see 
Salkowski, Berlin, kiin. Wochenschr., 1905 (Ewald-Festnummer), and Phuger, Pfliigeris 
Arch ,, iOo. 
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found, while the occurrence of larger and smaller yellow plates or liighiy 
refractive brown globules does not show the presence of sugar. This 
reaction is very reliable, and by it the presence of 0.03 per cent sugar can 
be detected (Rosenfeld; Geyer i). In doubtful cases where certainty 
is desired, prepare the crystals from a large quantity of urine, dissolve them 
on the filter by pouring over them hot alcohol, treat the filtrate with water, 
and boil off the alcohol. Still better, the precipitate is dissolved, according 
to Neuberg, -in some pyridine, and again precipitated as crystals by tiie 
addition of benzene, ligroin, or ether. If the characteristic yellow era'stai- 
iine needles, whose melting-point (204-205^ C.) may also’ be determined, ore 
now obtained, then this test is decisive for the presence of sugar. It must 
not be forgotten that leioilose giv^es the same osazone as dextrose, and 
that a further investigation is necessary in certain cases. 

The following modification by A. Neumann ^ is simple, practical, and 
at the same time sufficiently delicate. 5 c.c. of the urine is treated with 
2 c.c. of acetic acid (30 per cent) saturated vuth sodium acetate, 2 drops 
of pure phenylhydrazine added, and the mixture boiled in a test-tube until 
it measures 3 c.c. After quickly cooling warm again and then allow it to 
cool slowly. After 5-10 minutes beautifulty formed crystals are obtained 
even in the presence of only 0.02 per cent sugar. According to the experi- 
ence of Hammarsten this modification, even in the presence of 0.1 per cent 
sugar in concentrated urines, does not always give a positive reaction. 

The value of the phenylhydrazine test has been considerably debated, 
and the objection has been made that glucuronic acids also giv^e a similar 
precipitate. A confounding with glucuronic acid is, according to Hirschl, 
not to be apprehended when the test is not heated in the water-bath for too 
short a time (one hour). Kistermann found this precaution insufficient, 
and Roos states that the phenylhydrazine test always gives a positive 
result with human urine, which coincides with E. Holmgren^s^ and Ham- 
marsten’s experience. This test only show's a non-physioiogieal quan- 
tity of sugar when a rather abundant crystallization is obtained from a 
small quantity of urine (about 5 c.c.). Too great a delicacy of test is not 
to be recommended. 

Rubner’s test is performed as follows: The urine is precipitated by 
an excess of a concentrated lead-acetate solution and the filtrate carefully 
treated with enough ammonia to produce a fiocculent precipitate. It is 
then heated to boiling, when the precipitate becomes flesh-colored or pink 
in the presence of sugar. 

Polarization, This test is of great value, especially as in many cases it 
quickly differentiates between dextrose and other reducing, sometimes 
levog;yuate, substances, such as the conjugated glucuronic acidrs. In the 
presence of only very little sugar the value of this test depends on the deli- 
cacy of the instrument and the dexterity of the observer. As a urine which 
shows no rotation or is actually faintly levorotatory, may contain 0.2 per 

^ Rosenfeld, Deuisch. ined. Wochensehr., 1SS8; Geyer, cited from Roos, Zeifcselir. 
1 physiol. Chem,> 15. ' • 

2 Arch. f. (Anat. u.) Physiol, 1899, ,Buppl. See also Margulies, Berlin, klin. Wocheii- 
, sehr„ 3900. . . y ^ 

^Hirschl, Zeitschr.;!,;, physiol. Oheih., 14; Kistermann, Deutsch. Arch, 1 kiln, 
Med., 50; Roo8,^le.;‘,Hotegreh,, MalyVj[ahresber., 27*' ■ ' '! ■ 
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cent sugar or perhaps even more, this test must be combined with the fer- 
mentation test if we are seeking very small amounts of sugar. The sugar 
in these cases can be detected only by the use of a veiy accurate and deli- 
cate instrment. This method is in mamy cases not serviceable for the 
physician. 

If small quantities of sugar are to be isolated from the urine/precipitate 
the urine first with sugar of lead, filter, precipitate the filtrate with am- 
rnoniacal basic lead acetate, wash this precipitate with water, decompose it 
with H 2 S when suspended in water, concentrate the filtrate, treat it with 
strong alcohol until it is 80 voL per cent, filter when necessary, and add 
an alcoholic caustic-alkali solution. Dissolve the precipitate consisting of 
saccharates in a little water, precipitate the potash by an excess of tartaric 
acid, neutralize the filtrate with calcium carbonate in the cold, and filter. 
The filtrate may be used for testing with the polariscope as well as for the 
fermentation, bismuth, and phenylhydrazine tests. The presence of dex- 
trose may be detected by this same process in animal fluids or tissues from 
which the proteids have been removed by coagulation or by the addition 
of alcohol. 

In the isolation of sugar and carbohydrates from the urine the benzoic- 
acid esters of the same may be prepared according to Baumann method. 
The urine is made alkaline with caustic soda to precipitate the earthy phos- 
phates, the filtrate treated with 10 c.c. of benzoyl chloride and 120 c.c. 
of 10 per cent caustic-soda solution for every 100 c.c. of the filtrate (Rein- 
bold^), and shaken until the odor of benzoyl chloride has disappeared. 
After standing sufficiently long the ester is collected, finely divided, and 
saponified with an alcoholic solution of sodium ethylate in the cold accord- 
ing to Baisch's method,^ and the various carbohydrates separated according 
to his suggestion. 

To the physician, who naturally wants simple and quick methods, the 
bismuth test is especially to be recommended. If this test gives negative 
results, the urine is to be considered as free from sugar in a clinical sense. 
If it gives positive results, the presence of sugar must be controlled b}" 
other tests, especially by the fermentation test. 

Other tests for sugar, as, for example, the reaction with orthonitroplienyl- 
propiolic acid, picric acid, diazobenzene-sulphonic acid, are superfluous. The 
reaction with n:-naphthoi, which is a reaction for carbohydrates in general, for 
glucuronic acid and mucin, may, because of its extreme delicacy, give rise to 
mistakes, and is therefore not to be recommended to physicians. Normal urines 
give this test, and if the strongly diluted urine gives the reaction the presence 
may be suspected of great quantities of carbohydrates. In these cases more 
positive results are obtained by using other tests. This test requires great clean- 
liness, and it has the inconvenience that sufficiently pure sulphuric acid is not 
always readily procurable. Several inves,tigators, such as v. Udeansicy, Luther, 
.Roos and Treupel,^ have investigated this test in regard to its applicability 
as an approximate test for carbohydrates in the urine. 

Quantitative Determination of Sugar in the Urine, The urine for such 
an estimation must fisrt be tested for proteid, and if any be present it must 
be removed by coagulation and the addition of acetic acid, care being taken 

2 Zeitschr. f. physiol Chem., 19. , . . : 

® See Roos and Treupel, Zeitschr.. L physiol. Chem., 15 and 16. - : ' /• 
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Bot to increase or diminish the original volume of urine. ’The quantity of 
sugar may be determined by titration with Fehling^s or KNAPP^s solu- 
toin, by fermentation, by polarization, and in other ways. 

The titration liquids not only react with sugar, but also with certain 
other reducing substances, and on this account the titration methods give 
rather high results. When large quantities of sugar are present, as in typi- 
cal diabetic urine, which generally contains a lower percentage of normal 
reducing constituents, this is indeed of little account; but when small quan- 
titles of sugar are present in an otherwise normal urine, the mistake may, 
on the contrary, be important, as the reducing power of normal mine may 
correspond to 5 p. m. dextrose (see page 609). In such cases the titration 
procedure must be employed in connection with the fermentation method, 
which will be described later. It is to be remarked that in typical diabetic 
urines with considerable quantities of sugar the titration with Fehling’s 
solution is just as reliable as with Knapp’s solution. When the urine on 
the other hand, contains only little sugar with normal amounts of physiolog- 
ical constituents, then the titration with Feeling’s solution is more difScult, 
in certain cases indeed almost impossible, and the results become very 
uncertain. In such cases Knapp’s method gives good results, according to 
Worm Muller and his pupils.^ 

The titration with Feeling’s solution depends on the power of sugar 
to reduce copper oxide in alkaline solutions. For this there was formerly 
employed a solution which contained a mixture of copper sulphate, Rochelle 
salt, and sodium or potassium hydrate (Feeling’s solution) ; but as such 
a solution readily changes, use is made of a copper-sulphate solution and 
an alkaline Rochelle-salt solution prepared separately, and the two solutions 
mixed in equal volumes before using. 

The concentration of the copper-sulphate solution is such that 10 c.c. of 
this solution is reduced by 0.05 gram of dextrose. The copper-sulphate 
solution contains 34.65 grams of pure, crystallized, non-efflorescent copper 
sulphate in 1 liter. The sulphate is crystallized from a hot saturated solii- 
tioB. by cooling and stirring, and the crystals are separated from the mother- 
liquor and pressed between blotting-paper until drjL The Rochelle-salt 
solution is prepared b}^- dissolving 173 grams of the salt in 350 c.c. of w-ater, 
adding 600 c.c. of a caustic-soda solution of a specific gravity of 1.12, and 
diluting with water to 1 liter. According to Worm Muller, these three 
liquids — ^Rochelle-salt solution, caustic soda, and water — should be sepa- 
rately boiled before mixing together. For each titration mix in a small flask 
or porcelain dish exactly 10 c.c. of the copper-sulphate solution and 10 
c.c. of the alkaline Rochelie-salt solution and add 30 c.c. of water. 

The urine, freed from proteid, is diluted wdth water before the titration, 
so that 10 c.c. of the copper solution requires between 5 and 10 c.c. of 
the diluted urine, which corresponds to beWeen 1 per cent and J per cent 
of sugar. A urine of a specific gravity of 1.030 may be diluted five times; 
one more concentrated, ten times. The urine so diluted is poured into a 
burette and allowed to flow into the boiling copper-sulphate and Rochelle- 
salt solution until the copjoer oxide is completely reduced. This has taken 
place when, immediately after boiling, the blue color of the solution disap- 
pears. It is very difficult' and requires some practice to exactly determine 


^Pfiiiger’s' Arch., Maiid-SS; Otto, Journal f. prakt. Chem. (N. F.), 26. 
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this point, especially when the copper suboxide settles with difficulty. To 
determine whether the color has disappeared, allow the copper suboxide 
to settle a little below the meniscus formed by the surface of the liquid. 
If this layer is not blue, the operation is repeated, adding 0.1 c.c. less of 
urine; and if, after the copper suboxide has settled, the liquid has a blue 
color, the titration may be considered as completed. Because of the diffi- 
culty in obtaining this point exactly another end-reaction has been sug- 
gested. This consists in filtering immediately after boiling a small portion 
of the titrated mixture through a small filter into a test-tube which con- 
tains a little acetic acid and a few drops of potassium-ferrocyanide solution 
and water. The smallest quantity of copper is shown by a red coloration. 
If the operation is quickly conducted so that no oxidation of the suboxide 
into oxide takes place, this end-reaction is of value for urines which are rich 
in sugar and poor in urea and which have been strongly diluted with water* 
In urines poor in sugar which contain the normal amount of urea and which 
have not been considerably diluted, a considerable quantity of ammonia 
may be formed from the urea on boiling the alkaline liquid. This ammonia, 
dissolves the suboxide in part, which then easily passes into oxide ; besides 
the dissolved suboxide gives a red color with potassium ferrocyanide. la 
just those cases in which the titration is most difficult this end -reaction 
is the least reliable. Practice also renders it unnecessary, and it is 
therefore best to depend simply upon the appearance of the liquid. 

To facilitate the settling of the copper suboxide and thereby clearing 
the liquid, Munk^ has suggested the addition of a little calcium-chloride 
solution and boiling again. A precipitate of calcium tartrate is produced 
which carries down the suspended copper suboxide with it, and the color of 
the liquid can then be seen more readily. This artifice succeeds in many 
cases, but unfortunately there are urines in which the titration wtih Fehling's 
solution in no way gives exact results. In those cases in which only small 
quantities of sugar exist in a urine rich in physiological constituents it is 
best to dissolve a very exactly weighed quantity of pure dextrose or dex- 
trose-sodium chloride in the urine. The urine can now be strongly diluted 
with water and the titration becomes successful. The difierence between 
the sugar added and that found by titration gives the reducing power of the 
original urine calculated as dextrose. 

The necessary conditions for the success of the titration under all cir- 
cumstances are, according to Soxhlet,^ the following: The copper-sul- 
phate and Rochelle-salt solution must, as above, be diluted to 50 c.e. with 
water; the urine should contain only between 0.5 and 1 per cent of sugar, 
and the total quantity of urine required for the reduction must be added 
to the titration liquid at once and boiled with it. From this last con- 
dition it follows that the titration is dependent upon minute details, and 
several titrations are required for each determination. 

It is best to give here an example of the titration. The proper amount 
of copper-sulphate and Rochelle-salt solution and water (total volume— 50 
c.c.) is heated to boiling in a flask; the color must remain blue. The urine 
diluted five times is now added to the boiling-hot liquid, 1 c.c. at a time; 
after each addition of urine boil for a few seconds and look for the appear- 
ance of the end-reaction. If one finds, for example, that 3 c.c. is too little,. 


^ Joum* f. prakt. Chem. (N. F.l 21. 


^ Virehow^s Arch., 105. 
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but tliat 4 c.c. is too much (the liquid becoming yellowish) , then the urine 
has not been sufficiently diluted, for it should require between 5 and 10 c.c. 
of the urine to produce the complete reduction. The urine is now diluted 
ten times, and it should require between 6 and 8 c.c. for a total rediictioii. 
Now prepare four new tests, which are boiled simultaneously to save time, 
and add at one time respectively 6, 6|, 7, and 7| c.c. of urine. If it is 
found that between 6| and 7 c.c. are necessary to produce the end-reac- 
tion, then make four other tests, to which add respective!}?' 6.6, 6.7, 6.8, 
and 6.9 c.c. of urine. If in this case the liquid is still somewhat bluish 
with 6.7 c.c. and completely decolorized with 6.8 c.c., the average figure 
6.75 c.c. is considered as correct. 

The calculation is simple. The 6.75 c.c. used contains 0.05 gram of 
sugar, and the percentage of sugar in the dilute urine is therefore (6.75 ;0.05 = 
5 

100 :.r)== 7 r 7 ; 7 :== 0.74. But as the urine w^as diluted with ten times its vol- 
6.75 

5X 10 

ume of water, the undiluted urine contained == 7.4 per cent. The 
general formula on using 10 c.c. of copper-sulphate solution is therefore 
■ in wffiich n represents the number of times the urine has been diluted, 

rO 

and h the number of cubic centimeters of the diluted urine employed for 
' the titration. 

The TITRATION ACCORDING TO Knatp depends on the fact that mercuric 
cyanide in alkaline solution is reduced to metallic mereiiiy by dextrose. 
The titration liquid should contain 10 grams of chemically pure dry mer- 
curic cyanide and 100 c.c. of caustic-soda solution of a specific gravity 
of 1.145 per liter. When the titration is performed as described below (ac- 
cording to WoRM-MtJLLER and Otto), 20 c.c. of this solution should cor- 
respond to exactly 0.05 gram of dextrose. If the process is carried out in 
other ways, the value of the solution is different. 

In this titration, also, the quantity of sugar in the urine should be 
bet^veen and 1 per cent and the extent of dilution necessary be de- 
termined by a preliminary test. To determine the end-reaction as de- 
scribed below, the test for the excess of mercuiy is made with sulphuretted 
hydrogen. 

In performing the titration allow' 20 c.c. of Knapp^s solution to flow 
into a flask and dilute wdth 80 c.c. of w^'ater, or wffien the urine contains 
less than 0.5 per cent of sugar use only 40-60 c.c. After this heat to 
boiling and allows the dilute urine to flow^ gradually into the hot solution, 
at first 2 c.c., then 1 c.c., then 0.5 c.c., then 0.2 c.c., and lastly 0.1 c.c. 
After each addition let it boil \ minute. When the end-reaction is approach- 
ing. the liquid begins to clarify and the mercury separates wdth the phos- 
phates. The end-reaction is determined by taking a drop of the upper 
layer of the liquid into a capillaiy tube and then blowing it out on pure 
wdiite filter-paper. The moist spot is first held over a bottle containing 
fuming hydrochloric acid and then over strong sulphuretted hydrogen. 
The presence of a minimum quantity, of mercury salt in the liquid is showm 
by the spot becoming yellowish, which is best seen when it is compared 
with, a second spot that has not been exposed to the gas. The eml-reaetion 
is still clearer when.. a small part of the liquid is filtered, acidified wdth acetic 
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acid, and tested with sulphuretted hydrogen (Otto ^). The calculations 
are just as simple as for the pre\dous method. 

This titration, unlike the previous one, may be performed equally well 
by daylight and by artificial light. Knapp’s method has the following 
advantages over Fehling’s method: It is applicable even when the quantity 
of sugar in the urine is very small and that of the other urinary constituents 
is normal. It is more easily performed, and the titration liquids may be 
kept wdthout decomposing for a long time (Worm Muller and his pupils 2). 
The views of the various investigators on the value of this titration method 
are nevertheless somewhat contradictory. 

The titration according to Pavy consists in adding a boiling ammoniacal 
solution of copper sulphate to the urine until it is decolorized, wdien the 
siiboxide formed is dissolved by the ammonia into a colorless solution. 
The admission of air must be completely excluded. In reg^^rd to the per» 
formance of this highly recommended method we must refer to the works 
of Pavy, Kumagawa and Suto, and Sahli.^ 

Besides the above-described methods there are various others. K. B. 
Lehmann uses an excess of copper salt and retitrates with potassium iodide 
and hyposulphite. The sugar can also be determined according to Allihn^ 
and especially according to Pfluger’s modification of this method.^ 

Estimation of the Quantity of Sugar by Fermentation. This 
may be done in various ways; the simplest method, and one at the same 
time sufficiently exact for ordinary cases, is that of Roberts. This con- 
sists in determining the specific gravity of the urine before and after fer- 
mentation. In the fermentation of sugar, carbon dioxide and alcohol are 
formed as chief products and the specific gravity is lowered, partly on 
account of the disappearance of the sugar and partly on account of the 
production of alcohol. Roberts found that a decrease of 0.001 in the 
specific gravity corresponded to 0.23 per cent sugar, and this has been sub- 
stantiated since by several other investigators (Worm Muller and others). 
If the urine, for example, has a specific gravity of 1.030 before fermentation 
and 1.008 after, then the quantity of sugar contained therein was 22x0-23 
= 5.06 X-)er cent. 

In performing this test the specific gravity must be taken at the same 
temperature before and after the fermentation. The urine must be faintly 
acid, and when necessar}?- it should be acidified wvith a little hydrochloric 
acid or sulphuric acid. The activity of the yeast must, when necessary, be 
controlled by a special test. Place 200 c.c. of the urine in a 400 c.c. flask, 
add a piece of compressed yeast the size of a pea, and subdivide the yeast 
through the liquid by shaking; close the flask with a stopper provided with 
a finely “drawn-out glass tube, and allow the test to stand at the temperature 
of the room or, still better, at C. After 24 hours the fermenta- 

tion is ordinarily ended, but this must be verified by the bismuth test. 
After complete fermentation filter through a dry filter, bring the filtrate to 
the proper temperature, and determine the specific gravity. 

" Journal f. prakt. Chem., 26. ' . ' . . 

2 PfliigePs Arch., 16 and 23. . 'U . ^ V',v- 

The Physiology of the Carfiphydrates, London, 1894; Kumagawa and 
Suto, Salkowskfls Festschrift, 1904; Sahli, Deutsch. med. Wochenschr., ' 1905/ In 
regard to other methods, see Huppert-Keubauer, Analyse des Harnes. ... 

^ Lehmann, Arch, f. Hygiene, 30; Pfliiger, PiOiugePs Arch., 66. .. „ ^ ' 
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' If the specific gravity be determined with a good py kilometer supplied 
with a thermometer and an expansion-tube, this method; when the quan- 
tity of sugar is not less than 4-5 p. m., gives, according to Worm TiiuLLER,, 
very exact results, but this has been disputed by BuoDEd For the jihysi- 
ciaii the ‘method in this form is not quite serviceable. Even when the 
specific gravity is determined by a delicate urinometer which can give the 
density to the fourth decimal, quite exact results are not obtained, because 
of the ordinary errors of the method (Budbe); but the errors are usually 
smaller than those which occur in titrations made by unskilled hands. 

When the quantity of sugar is less than 5 p. m. these methods cannot 
be used. Such small amounts cannot, as already mentioned, be determined 
by titration directly, because the reducing power of normal iirine corre- 
sponds to 4-5 p. m. of sugar. In such cases, according to Worm hltiLT.EE, 
it is better first to determine the reduction power of the urine by titration 
with Knapp's solution, then ferment the urine with the addition of yeast 
and titrate again with Knapp's solution. The difference found between 
the two titrations calculated as sugar gives the true quantity of the latter. 

The determination of the sugar by fermentation can be so performed 
that the loss in -weight due to the CO 2 can be estimated or the volume of 
the gas measured. For this last purpose Lohnstein^ has constructed a 
special fermentation saccharometer, of which his precision saccharometer" 
is to be recommended. Based upon Lohnstein's instmment, M'agner'^ 
has constructed a ^ fermentation saccharo-manometer," wdiich has certain 
advantages over Lohnstein's apparatus. 

Estimation OF Sugar by Polarization. In this method the urine 
must be clear, not too deeply colored, and, above all, must not contain 
any other optically active substances besides dextrose. The urine may 
contain several levorotatory substances such as proteids, 5-oxy)mtyric 
acid, conjugated glucuronic acids, the so-called Leo's sugar, and less often 
cystine, all of which areunfermentable. The proteid is removed by coagu- 
lation, and the others are detected by the polariscope after complete fer- 
mentation. The fermentable levulose is detected in a special manner 
(see below), and the dextrorotatory milk-sugar differs from dextrose in its 
not fermenting readily. B}^ using a delicate instrument and \vith suffi- 
cient practice very exact results can be obtained by this method. The 
value of this procedure consists in the rapidity with wiiich the determina- 
tion can be made. In using instmments specially constiucted for elinictil 
purposes the accuracy is less than with the less expensive fermentation 
test. Under such circumstances, and as the estimation by means of polari- 
zation can be performed with exactitude only by specially trained chemists, 
it is hardly wmrth while to give this method in detail, and the reader is 
refeiTed to handbooks for hints in the use of the apparatus. 

Levulose. Levog^’-rate urines containing sugar have been o]:)served hy 
several observers, although the nature of the sugar w^as not well known to 
the earlier observers. In recent years several ])ositively authentic cases 


^Roberts, Edinburgh Med. Joum., 1861, and The Lancet, 1, 1S(32; Worm -Mi'j Her, 
Pfiiiger^s Arch., 38 and 37; Budde, ibid.j 40,* and Zeitschr. f. physiol. Ghem , 13 See 
also Huppert-Neubauer, 10. Aufl,, .and Lohnstem, Pfliiger^s Arch., 62. 

Berlin, Min. Wochenschr., 3^, and' Allg;, lined , Central-Ztg , 1899. 

® Mlinch. med. Woehehsebr.;4p!05; . '■ 
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of leviilosuria have been described, and also cases of diabetes have been 
found where levnlose exists in the urine besides dextrose. 

Levulose may be detected as follows: The urine is levorotatoi^T- and 
the levorotatory substance ferments with yeast. The urine gives the ordi- 
nary reduction tests and the ordinary phenylgliicosazone. With methyl- 
pheiiylhydrazine it gives the characteristic ieAaiiose methylphenylosazoiie, 
and it also gives Seliwanoff's reaction on heating after the addition of 
an equal volume of hydrochloric acid and a little resorcin. With this test 
it must be lemarked that too lengthy or too strong heating must not be 
applied, since other carboh 3 ^drates may also give the reaction (see page 
119 and the works of Rosin and Umbee). After heating and cooling it 
can be neutralized with soda and shaken out with amyl alcohol This 
removes a red pigment which gives a band in the spectrum betiv een E and b 
on stronger concentration; also a band in the blue at F (Rosin). ^ 

Laiose is a substance named by Huppebt and found by Leo ^ in diabetic urines 
in certain cases, and which he considers as a sugar. It is levog>nate, amorphous,, 
and does not taste sweet, but rather sharp and salty. Laiose has a reducing 
action on metallic oxides, does not ferment, and gives a non-crystalline, yellowish- 
brown oil with phenyihydrazme. There is no positive proof as yet that this 
substance is a sugar. 

Lactose. The appearance of lactose in the mine of pregnant women 
was first shown by the observations of Db Sinety and F. Hofmeistee, 
and this has been substantiated by other investigators. After the ingestion 
of large quantities of milk-sugar some lactose may be found in the urine 
(see Chapter IX on absorption). Langstein and Steinitz have observed 
the passage of lactose and also of galactose ^ into the urine of nurslings 
with diseases of the stomach. The passage of lactose into the urine is 
called lactosuria. 

The positive detection of this sugar in the urine is difficult, because 
it is, like dextrose, dextrog^^rate and also gives the usual reduction tests. 
If urine contains a dextrogyrate, non-fermentable sugar which reduces 
bismuth solutions, then it is very probable that it contains lactose. It 
must be remarked that the fermentation test for lactose is, according to 
the experience of Lusk and Voit,^ best performed by using pure cultivated 
yeast (saccharomyces apiculatus). This yeast only ferments the dextrose, 
while it does not decompose the milk-sugar. If, according to Voit, Rub- 
nek's test is performed without heating to boiling, but only to 80^ C., the 
color becomes yellow or brown in the presence of lactose, instead of red. 
The most positive means for the detection of this sugar is to isolate the 


^ Umber, Salkowski^s Festschrift, Berlin, 1904; Rosin, ibid,j and Zeitsclir. f . physiol 
Chem., 88. 

2 Virchow’s Arch., 107. 

® Hofmeister, Zeitsehr, f. physiol. Chem., , 1, which also contains the pertinent 
literature. See also Lemaire, ihU,, 21 ; Langstein and Steinitz, Hofmeister’s Beitrage, 7. 

^ Carl Voit, Ueber Die Glycogenbildnng nach Aufnahme verschiedener Zuekeraten, 
Zeitschr. £. Biologic, 28. 
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sugar from the urine. This may be done by the following method^ suggested 
by^F. Hofmeistee: 

Precipitate the urine with sugar of lead, filter, wash with water, ^ unite the 
filtrate and wash-water, and precipitate with ammonia. The liquid filtered 
from the precipitate is again precipitated by sugar of lead and ammonia until the 
last filtrate is optically inactive. The several precipitates with the exception 
of the first, which contains no sugar, are united and washed with water. This 
precipitate is decomposed in the cold with sulphuretted hydrogen and filtered. 
The excess of sulphuretted hydrogen is driven off by a current of air; the acids 
set free are removed by shaidng with silver oxide. Now filter, remove the 
soluble silver by sulphuretted hydrogen, treat with barium carbonate to unite 
with any free acetic acid present, and concentrate. Before the evaporated residue 
becomes S 3 n‘upy it is treated with 90 per cent alcohol until a fiocculent precipi- 
tate is formed which settles quickly. The filtrate from this when placed in a 
desiccator deposits crystals of lactose, which are purified by recrystallization, 
decolorizing with animal charcoal and boiling with G0-~70 per cent alcohol. 


Pentoses. Salkowski and Jastrowitz first found in the urine of per- 
sons addicted to the morphine habit a variety of sugar which was a pen- 
tose and yielded an osazone which melted at 159° C. Since this several 
other cases of pentosuria have been observed, and according to Kxjlz and 
Vogel small amounts of pentose also occur in the urine of diabetics, as 
also in the urine of dogs with pancreatic or phlorhizin diahetes.^ 

The pentose isolated by Neuberg from the urine in chronic pentosuria 
was f-arabinose. In alimentary pentosuria the Z-arabinose of the plant 
food may be found in the urine. The appearance of pentoses in the urine 
after eating fruits and fndt- juices has been repeatedly observed by Blumen- 
THAL and also by v. Jaksch.^ 

A urine containing pentose reduces bismuth as well as copper solu tion s^ 
although the reduction is not so rapid, but appears gradually. If only 
’^prSent, thC' urine does . not ferment, but in the presence of dex- 
trose small amounts of pentose may also undergo fermentation, Tlie 
preparation of the osazone serves in the detection of pentoses; this com- 
pound wlien pure melts at 1 dD"1d 8"' C., but wdien obtained from the urine 
has a melting-point of 156-160° C. The phloroglucin or orcin tests can also 
be employed (see page 111). Of these the last is most preferable, especialh'' 
as it excludes a confusion with the conjugated glucuronic acids. 

The orcin test can be performed as follows: 5 c.c. of the urine is mixed 
vith an equal volume of HCl sp. gr. 1.19, a small amount of orcin added and 
the whole heated to boiling. As , soon as a greenish cloudiness appears, 
cool the mixture off and shake carefully with amyl alcohol The amyl- 
alcohol solution is used in the spectroscopic examination. The precipita- 
tion of a bluish-green pigment is in itself significant. 


Mn regard to the literature, see foot-note . 1 ,, page 110. See also Bliimenthal, 
‘^Die Pentosime/' Deutsche El.inil:, 1902. ' 

Blumenthal, Deutsche K:iinik;TS02;;;V.vJakseh, Centralbl f innere MedlziUi 1906. 
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Bial 1 uses as reagent 30 per cent hydrochloric acid/ wMcli contains 
1 gram of orcin and 25 drops of a ferric-chloride solution (62.9 per cent of 
the crystalline salt) in 500 c.c. of the acid. 4-5 c.c. of the reagent is 
heated to boiling and then a few drops (not more than 1 c.c.) of the urine 
is added to the hot but not boiling liquid. In the presence of pentose the 
liquid turns a beautiful green. The usefulness of Dial’s reagent is ques- 
tioned by several experimenters. The delicacy is not very great and the 
possibility of confounding wdth other carbohydrates is not excluded. 

LipiNB and Boulud^ have shown the presence of maltose in cases of 
diabetes. After boiling wdth h^^drochloric acid the specific rotation dimin- 
ishes, wdiile the reducing power increases in such urines. 

Conjugated Glucuronic Acids. Certain conjugated glucuronic acids 
such as menthol- and turpentine-glucuronic acid may spontaneously decom- 
pose in the urine, and in this case they may readily lead to a confusion with 
pentoses. The urine should be always as fresh as possible for these exami- 
nations. 

A confusion of the glucuronic acids which have a reducing power on 
copper or bismuth solutions with dextrose and levulose can be prevented 
by the fermentation test. They may also be distinguished from dextrose 
by their optical behavior, as the conjugated glucuronic acids are levo- 
g}^rate. On boiling wdth an acid dextrorotatory glucuronic acid is pro- 
duced and the levorotation is changed to dextrorotation. 

The conjugated glucuronic acids, like the pentoses, give the phloro- 
glucin-hydrochloric-acid test. On the contrary they do not give the orcin 
test directly, but only after cleavage wdth the setting free of glucuronic 
acid. On using Dial’s reagent no mistaking for pentoses occurs, although 
this statement requires further substantiation. The pentoses may also 
be isolated and identified by their osazones. The occurrence of conjugated 
glucuronic acid in the urine is shown when the urine does not give the 
orcin-hydrochloric-acid reaction directly, but only after boiling with the 
acid. A further proof is that suggested by v. Alfthax.^ 500 c.c. of the 
urine is benzoylated and the ester obtained saponified wdth sodium ethylate. 
The free and conjugated glucuronic acid is thus obtained as sodium com- 
pounds, insoluble in alcohol, while .the pentoses, if present, remain in the 
alcoholic filtrate. We have no sufficient experience as to the value of this 
method. 

Tfie surest method is that suggested by Mayer and Neuberg,^ which 
consists in precipitating the urine with basic lead acetate, decomposing the 
precipitate wdth H2S, boiling wdth dilute sulphuric acid in order to split the 
conjugated acid, and then after neutralizing with soda prepare the charac- 


^ Deutsch. med. Wochenschr., 1903. ^ Compfc, rend., 132, 

2 Arch. f. exp. Path. u. Pharm., 47. . * Zeitsciir. f.. physiol, Ohem^ 29. 
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teristic .bromphenylliydrazine compound of .glucuronic ' acid (see page 123) 
with p-bromphenylhydraziiie hydrochloride and sodium acetate. 

I nosite occurs in the urine in albuminuria and in diabetes mellitiis, but 
only rarely and in small quantities. Inosite is also found in the urine after 
the excessive drinking of water. According to Hoppe-Seyler ^ traces of 
inosite occur in all normal urines. 

In detecting inosite the proteid is first removed from the urine. Then con- 
centmte the urine on the water-bath to i of its original volume and precipitate 
with sugar of lead. The filtrate is warmed and treated with basic lead acetate as 
long as a precipitate is formed. The precipitate formed after twenty-foui houis 
is washed with water, suspended in water, and decomposed with sulphuretted 
hydrogen. A little uric acid may separate from the filtrate after a short time. 
The liquid is filtered, concentrated to a syrupy consistency, and treated while 
boiling with 3-4 vois. alcohol. The precipitate is quickly _ separated. After 
the addition of ether to the cooled filtrate, crystals separate after a time, and 
these are purified by deeolorization and recrystallization. With these crystals 
perform the tests mentioned on page 459. . 

Acetone Bodies (acetone, acetoacetic acid, /3-oxy butyric acid). These 
bodies, whose occurrence in the urine and formation in the organism have 
been the subject of numerous investigations, occur in the urine especially 
in diabetes mellitus, but also in many other diseases.^- According to v. 
Jaksch and others acetone is a normal urinary constituent, though it may 
occur only in very small amounts (0.01 gram in tw^enty-four hours). 

In regard to the^origin of these bodies it was previously considered that 
they were produced by an increased destruction of protein. One of the 
various reasons for this was the increase in the elimination of acetone and 
acetoacteic acid during inanition (v. Jaksch, Fe. Muller^). This stands 
also in good accord wdth the observations that a considerable increase in 
the quantity of acetone and acetoacetic acid eliminated is observed in 
such diseases as fevers, diabetes, digestive disturbances, mental diseases 
with abstinence and cachexia, where the body protein is largely destroyed. 
The formation of acetone bodies from protein is also indicated by the fact 
that acetone has been obtained as an oxidation product from gelatine and 
protein (Blumenthal and Neuberg, Orgler*^). On the other hand, no 
parallelism exists between the acetone bodies and the nitrogen excreti<Mi in 


^ Handbixch d. physiol ii, pathol chem. Analyse, 6. Aufi., 196. 

^ In regard to the extensive literature on acetone bodies tlie reader is referred to 
Huppert-Neufoauer, Harn-Analyse, 10. Aiifi,, and v. Noorden^s Lehrb. d. Patlioi. des 
StofTwechsels. Berlin, 1906, 

3 V. Jaksch, Ueber Acetonurie und Biaceturie. Berlin, 1885; Fr. Midler, Bericht 
liber die Ergebnisse des an Cetti ausgefiihrten Hungerversuches. Berlin, kiin. Wochen- 

^ Blumenthal and Neuberg, Beutscli. med. -'Woehenschr,, 1901 ; Orgler, Hofmeis- ' 
teFs Beitriige, 1. 
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diabetics^ and the fact that in man no certain relationship exists between the 
acetone elimination and the nitrogen and sulphur excretion seem to show 
that the acetone bodies are not entirely derived from the proteins. In 
man the excretion of acetone does not increase with the rise in the quaii- 
titv of protein, and an increase in the latter above the average causes 'a 
diminution in the elimination of acetone (Rosenfbld, Hirschfeld, Fr. 
VoiT^). At the present time the tendency is more and more to the view 
that the acetone bodies do not originate from the proteins but from the 
fatspif they are not the only source, they are at least the most important. 

It is generally accepted that in man the carbohydrates have a strong 
influence on the elimination of acetone bodies, namely, the exclusion of 
carbohydrates from the food or the diminution in their amount or their 
assimilation may lead to more or less increased elimination of acetone 
bodies. This behavior may occur in diabetes as well as in starvation and 
in the •abo^'e-mentioned diseased conditions. With abundant supply of 
carbohydrates the acetone bodies are markedly diminished or may dis- 
appear entirely, and a similar retarding action has been found by Satta^ 
to be brought about by other bodies, such as glycerine, tartaric acid, lactic 
acid, and citric acid. The increased excretion of acetone with carbohydrate 
starvation occurs also in healthy individuals with a fatty diet, or on the 
supply of sufficient calories in other ways (alimentary acetonuria). 

If we do not accept the formation of acetone bodies from proteins, 
then we must admit such a formation, from the fats. As proof of this 
there are certain cases of diabetes with strong elimination of acetone bodies 
(^5-oxybutyric acid) where the quantity of protein transformed w^as too 
small to account for the acetone bodies (Magn-us-Levy). The free elimi- 
nation of acetone bodies in starvation may also depend upon the fact that 
a great part of the body fat is consumed, and in several cases a certain 
relationship has been found between the fat consumed and the acetone 
bodies eliminated. Certain investigators (Geelmtjyden, Sohwaez, Wald- 
VOGEL^) have also observed an increase in the acetonuria on partaking 
of fatty food. 

There is no doubt that the fats bear a certain relationship to the ace- 
tone bodies, and that they are probably in part the source of the same. 
It has not been proved, on the contrary, that the fats are the only or the 
most important source of the acetone bodies, and to all appearances we must 

^ Hirschfeld, Zeitschr. f. kliii. Med., 28; Geelmuyden, see Malyhs Jahresber., 26, 
and Zeitschr. f. physiol Chem., 23 and 26; Rosenfeld, Centralbl. f. imiere Med., 16; 
Volt, Deiitsch. Arch. f. klin. Med., 66. . .. 

- Hofmeister^s Beitrage, 6. ; 

3 Magnus-Levy, Arch. f. exp. Path. u. Pharm., 42; Geelmuyden, L c., and Norsk. 
Magaain for Laegevidenskaben, 1900, see also Zeitschr. f. physiol Chem. 41, Schwarz, 
Deutsch, Arch. £. klin. Med., 1903; Waldvogel, Centralbl f. innere Med, 20. 
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cioiisider the proteins equally with the fats as the source of these bodies,. 
The researches 'of Embden and his coworkers are of special interest in , this 
connection. After Embden and Kalberlah showed that the liver was an 
acetone-forming organ Embden, Salomon and Schmidt ^ showed by experi- 
ments with removed livers that butyric acid, oxybutyric acid, leucine, 
tyrosine, and in fact all aromatic bodies (such as tyrosine, phen^dalanine, 
phenyl-a:-lactic acid and homogentisic acid) which contain a benzene 
nucleus which can be burnt in the body, may be transformed into acetone 
in the liver. 

In drawing conclusions as to the origin of the acetone bodies it must 
not be forgotten that the conditions in man are distinctly different from 
those in carnivora (Geelmuyden, Fr. Voit). In dogs the elimination of 
acetone bodies is not increased in starvation, but is reduced; it is aug- 
mented with increased quantities of meat, runs parallel with the nitx'ogeii 
excretion, and is not diminished bv carbohydrates (Fr. Voit) . 

/CH3 

Acetone, CsHeO, dimethylketone=COq , occurs, as above stated, 

in veiy small amounts in normal urine. In diabetes it may give a poma- 
ceous or fruit odor to the urine as w^ell as to the expired air. 

Irrespective of the alimentary acetonuria derived from the food, there 
occurs an increased elimination of acetone, as above stated, in many dis- 
eases, as also after nervous lesions, certain intoxications, and after admin- 
istration of phlorhkin or extirpation of the pancreas (v. IMering and ^Ijn- 
Kow^sia, Azemar2). 

Acetone is a thin, water-clear licpiid, boiling at 56.3*^ C. and possessing a 
pleasant odor of fruit. It is lighter than water, with which it mixes in all 
propcu’tions, also with alcohol and ether. The most important reactions 
for acetone are the following. 

Lieben^s Iodoform Test, When a wateiy solution of acetone is treated 
with alkali and then with some ioclo-potassium-iodide solution and gently 
warmed a yellow precipitate of iodoform is formed, which is known by its 
odor and by the appearance of the crystals (six-sided plates or stars) under 
the microscope. This reaction is very delicate, but it is not characteristic 
oi acetone. Guxning^s modification of the iodoform test consists in using 
an alcoholic solution of iodine and ammonia instead of the iodine dissolved 
in potassium iodide and alkali hydrate. In this ease, besides iodoform, a 
black precipitate of iodide of nitrogen, is formed, but this gradually dis- 
appears on standing, leaving the iodoform -visible. This modifi(?ation has 


^AK&iar, ■ Acetomme'exp'<^i:im6h,tale,”-' Travaiixde physioiogie, 1898 (iabora- 

toire de M. le professeur E. li^pJVMontpellier), - ■ 
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the advantage that it does not give any iodoform with alcohol or aldehyde. 
!; On the other hand, it is not quite so delicate, but still it detects G.Ol milli- 

|v gram . of , acetone ' in Ic.c. ' 

I Revnolds^s mercuric-oxide test is based on the power of acetone to dis- 

; solve freshly precipitated HgO. A mercuric-chloride solution is precipi- 

tated by alcoholic caustic potash. To this add the liquid to be tested, 

^ shake well, and filter. In, the presence of acetone the filtrate contains 

i mercury, which may be detected by ammonium sulphide. This test has 

; about the same delicacy as Gunning's test. Aldehydes also dissolve 

a]f)preciable quantities of mercuric oxide. 

1; Legal’s Sodium Nitroprusside Test. If an acetone solution is treated 

I with a few drops of a freshly prepared sodium-nitroprusside solution and 

i then with caustic-potash or soda solution, the liquid is colored ruby -red. 

Creatinine gives the same color; but if the mixture is saturated with acetic 
acid, the color becomes carmine or purplish red in the presence of acetone, 

; but yellow and then gradually green and blue in the presence of creatinine. 

; With this test paracresol responds with a reddish-yellow color, which 

becomes light pink when acidified with acetic acid and cannot be mistaken 
for acetone. If ammonia is employed instead of the caustic alkali (Le 
Nobel); the reaction takes place with acetone but not with aldehyde. 

Penzoldt’s indigo test depends on the tact that orthonitrobenzaldehyde 
in alkaline solution with acetone yields indigo. A warm saturated and then 
^ cooled solution of the aldehyde is treated with the liquid to be tested for 

1 acetone and next with caustic soda. In the presence of acetone the liquid 

I first becomes yellow', then green, and lastly indigo separates; and this may 

1 be dissolved with a blue color by shaking with chloroform. 1.6 milligrams 

i acetone can be detected by this test. 


Bela v. Bitto’s ^ reaction is based on the fact than on adding a solution of 
metadinitrobenzene made alkaline with caustic potash to acetone, a violet-red 
color is produced which becomes chorry-red on acidifying with an organic acid or 
metaphosphoric acid. Aldehyde gives a similar violet-red color which becomes 
yellowish red on acidification. Creatinine does not give this reaction. From- 
MER has suggested the following method for detecting acetone : Treat 10 c.c. 
of the urine wnth 1 gram potassium hydrate and add 10-12 drops of an alkaline 
solution of salicyl-aldehyde. On warming a purple-red coloration is obtained in 
the presence of acetone. 

CHs 

CO 

Acetoacetic acid, C4H6O3; acetylacetic acid, diacetic acid=^g- * 

This acid has not been observed as a physiological constituent of the urine. 
It occurs in the urine chiefly under the same conditions as acetone. Like 


^ Annal. d. Chem u. Pharm., ,260. 


^Berlin, klin. Wochenschr. 1905.. 
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acetone the acetoacetic acid, occurs often in children, especially in high 
fevers, acute exanthema, etc. Diacetic acid decomposes readily into 
acetone. According to Aeaki ^ it is probably produced as an intermediate 
product in the oxidation of ^-oxybutyric acid in the organism. The three 
bodies appearing in the urine, acetone, acetoacetic acid, and /?-oxytautyric 
acid, stand in close relationship to each other. 

This acid is a colorless, strongly acid liquid which mixes xvith water, 
alcohol, and ether in all proportions. On heating to boiling with water, 
and especially with acids, this acid decomposes into carbon dioxide and 
acetone, and therefore gives the above-mentioned reactions for acetone. 
It differs from acetone in that it gives a violet-red or brownish-red color 
with a dilute ferric-chloride solution. For the detection of tliis acid \ve 
make use of the following reactions which may be applied directly to the 
urine. 

Gerhardt\s Reaction. Treat 10-15 c.c. of the urine with ferric-chloride 
solution until it fails to give a precipitate, filter, and add some more ferric 
chloride. In the presence of acetoacetic acid a wine-red color is obtained. 
The color becomes paler at the room temperature within tw-enty-four 
hours, but more quickly on boiling (differing from salicylic acid, phenol, 
suiphocyanides). A portion of the urine slightly acidified and boiled does 
not give this reaction on account of the decomposition of the acetoacetic 
acid. 

Arnold and Lipliaw^'sky^s Reaction, 6 c.c. of a solution containing 
1 gram of 2 >aminoacetophenone and 2 c.c. of concentrated hydrochloric acid 
ill 100 c.c. of water are mixed wdth 3 c.c. of a 1 per cent potassium-nitrite 
solution and then treated wdth an equal volume of urine. A few^ drops 
of concentrated ammonia are now added and violently shaken, A brick- 
red coloration is obtained. Then take 10 drops to 2 c.c. of this mixture 
(according to the quantity of acetoacetic acid in the urine), add 15-20 c.c. 
HCl of sp. gr. 1.19, 3 c.c. of chloroform, and 2-4 drops of ferric-chloride 
Solution and mix wdthout shaking. In the presence of ai^etoacetic acid the 
chloroform is colored violet or blue (otherwise only 3 mllowish or faiiitl}' 
red). This reaction is more delicate than the preceding test and reacts 
with 0.04 p. m. acetoacetic acid. Large amounts of acetone (but not the 
quantity occurring in urines) give this reaction according to Allard.^ 

Bondi and Sghwarz^s^ Reaction, 5 c.c. of the urine is titrated drop, 
by drop with iodine-potassium iodide solution until the color is orange-red 
Then warm gently and when the orange-red color has disappeared add the 


'Arnold, Wien. kiln. Wochensclir,,, 1899, and Centralbl. f. innere Mod., 1900; 
Liplkwsky, Deutsch. med/Wochensehri,.'1901;.' Allard, Bed. klin. Wochenschr., 1901. 
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iodine solution again until the color remains permanent on warming. Then 
boil^ when the irritating vapors of iodo-acetone will attack the eyes. Ace- 
tone does not give this reaction. 

Detection of Acetone and Acetoacetic Acid in the Urine. Before testing 
for acetone test for acetoacetic acid; as this acid gradually decomposes on 
allowing the urine to stand, the specimen must be as fresh as possible. In 
the presence of acetoacetic acid the urine gives the above-mentioned tests. 
In testing for acetone in the presence of acetoacetic acid make the urine 
slightly allcaline and shake in a separatory funnel with ether free from 
alcohol and acetone. Remove the ether and shake it with water, w^hich 
takes up the acetone, and test for acetone in the watery solution. 

In the absence of acetoacetic acid the acetone may be tested for directly 
in the urine; tiiis may be done by Penzoldt's test. This test, w^hich is 
only approximate, is of value only when the urine contains a considerable 
amount of acetone. For a more accurate test we distill at least 250 c.c. 
of the urine faintly acidified with sulphuric acid, care being taken to have 
a good condensation. Most of the acetone is contained in the first 10-20 
c.c. of the distillate. A better result may be obtained by distilling a large 
quantity of urine until about iV has been distilled off, acidify the distillate 
with hydrochloric acid, redistill and repeat this several times, collecting 
the first portion of each distillation. The final distillate is used for the 
above reactions.^ Salicow^ski and Borchakdt have called attention to 
the fact that in the distillation of an acidified urine containing sugar for 
the detection or estimation of acetone a substance giving iodoform can be 
formed from the sugar if the distillation is carried too far. According to 
Borchaedt^ the urine must therefore first be diluted with water or the 
concentration prevented by the addition of water dropwdse during distil- 
lation. 

The quantitative estimation of acetone in the urine is done by converting 
it first into iodoform. The urine is acidified with acetic acid (according to 
Huppert, 1-2 c.c. 50 per cent acetic acid for every 100 c.c. urine) and 
distilled. The quantity of acetone in the distillate is best determined 
according to Messinger and Hxjppert^s method by determining volu- 
metrically the quantity of iodine used in the formation of iodoform. In 
regard to this method and its execution the reader is referred to Hxjppert- 
NeUBAIJER.^' 

CH3 

^:9“Oxybtityric Acid, C4H803==CH0H. The occurence of this acid in 

CH2 

COOH 

the urine was first positively shown by Minkowski, Kulz, and Stadel- 
mann. 4 It occurs especially in severe cases of diabetes, when it may form 

^See also Salkowski, Pfl tiger’s Arch., 56. 

^ Hofmeister’s Beitrage, 8. 

® Harnanalyse, 760, and also Geelmuyden, Zeitschr. f. anal. Chem., 35, and Vaubel, 
Chem. Centralbl., 1905, 1, 3617. 

^Minkowski, Arch. f. exp. Path, u. Phai:m., IS and 10; Sfcadelmann, ibid., 17; 
Kiik, Zeitschr. f. Biologie, 20 and 28. 
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the largest portion of the acetone bodies (MagnuS'Levy^ Geeiaiityden). It 
has also been observed, in scarlet fever, measles, in scurvy, and in diseases 
of the brain with abstinence. It seems to be always accompanied with 
acetoacetic acid. 

The /?-oxybiityric acid ordinarily forms an odorless syrup, but ma}^ also 
be obtained as crystals. It is leadily soluble in water, alcohol, and ether. 
It is levorotatory; (oi)D== —24.12° for solutions of 1-11 per cent and has 
a disturbing action upon the determination of sugar by means of the polari- 
scope. It is not precipitated by basic lead acetate or by ammoniacai lead 
acetate, neither does it ferment. On boiling with water, especially in the 
presence of a mineral acid, this acid decomposes into a-crotonic acid, 
wliich melts at 71-72° C., and water: CH3.CH(0H).CH2.C00Ii-H20 + 
CHs.CHrCH.COOH. It yields acetone on oxidation with a chromic-acid 
mixture. 

Detection of j^-Oxyhutyric Acid in the Urine, If a urine is still levo- 
gyrate after fermentation with yeast, the presence of oxy butyric acid is 
probable. A further test may be made, according to Kulz, by evaporating 
the fermented urine to a symp and, after the addition of an ecixial ’^;oiiiine 
of concentrated sulphuric acid, distilling directly without cooling, a-w-')- 
tonic acid is produced which distills over, and, after collecting in a ted- 
tiibe, crystals which melt at -h72° C. separate on cooling. If no crystals 
are obtained, shake the distillate with ether, evaporate, and test the melt- 
ing-point of the residue which has been washed with water. According 
to j\liNK 0 wsra the acid may be isolated as a silver salt.^ 

The Quantitative Estimation may be performed as follows, according 
to Bergelxu- 10()-3(X) c.c. of the sugar-free urine or fermented urine 
is made slightly alkaline with sodium carbonate and concentrated to a 
syrup. This, on cooling, is rubbed with syrupy phos]xhorie acid (Iveeping 
it cool), anhydrous copper sulphate (20“3() grams), and fine sand, and the 
dry mass thoroughly extracted with anhydrous ether in an extraction 
apparatus. The residue after the evaporation of the ether is di8solve<l 
in water and decolorized, if necessar^g with animal charcoal, and the quan- 
tity of the acid calculated from the polarization. Other methods have been 
suggested by Darmstadter, Boekelman and Bouwa, and iMAONUs-LEVY.''^' 

Ehrlioh’s ^ Urine Test, Mix 250 c.e. of a solution which contains 50 c.c. 
HCi and 1 gram of sulphanilic acid in one liter with 5 c.c. of a per cent solution 
of sodium iiitrite (which ].>roduces very little of the active lx)dy, sulphodiazo-' 
benzene). In performing this test treat the urine with an equal volunio of this 
mixture and then supersaturate xvith ammonia. Normal iiriruj will hecfcne 
yellow thereby, or orange after the addition of ammonia (aromatic oxyacids may 


^ Arch. f. exp. Path, u, Pharm., IS, 35; 2eitschr. f. anal, Chem., 24. 153. 

® Zeitschr. f. phj'Sioi, Chem., 33 

® Darmstadter, ibuL, 37; Boekelmann and Bourn, a, see Maly’s Jahres})er., 31; 
Magnus-Levy, Arch, f, exp. Path. u. Pharm. 45. 

* Ehrlich, Zeltschr. f. klin. Mfd.hS* \Bee'also Clemens, Deutsch. Arch. f. klin. 
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sometimes after a certain time give red azo bodies wiiich color the upper layer of 
the phosphate sediment). In pathological urines there sometimes occurs (and this 
is the characteristic diazo reaction) a primary yellow coloration, with a very 
marked secondary red coloration on the addition of ammonia, and the froth is 
also tinged with red. The upper layer of the sediment becomes greenish. The 
body which gives this reaction is unknown, but it occurs especially in the urine 
of typhoid patients (Ehrlich). Opinions differ in regard to the significance of 
this reaction. The fact that the antoxyproteic acid gives this reaction as above 
stated (page 612) is of interest. 

Another urine test suggested by Ehrlich consists in adding a hydrochloric 
acid containing 2 per cent dimethylaminobenzaldehyde to the urine; normal urines 
are colored faintly red, while certain pathological urines become cherry-re d. 
The cause of this reaction is not sufficiently known; according to Nbuba.ijer ^ it 
appears to be connected with the urobilinogen. 

RosExVBach’s urine test, which consists in adding nitric acid drop by drop 
to the boiling-hot urine and obtaining a claret-red coloration and a bluish-red. 
foam on shaking, depends upon the formation of indigo substances, especially 
indigo red.^ 

Fat in the Urine* The elimination of a urine which in appearance and rich- 
ness in fat resembles chyle is called chyliiria. It habitually contains a proteid and 
often fibrin. Chyluria occurs mostly in the inhabitants of the tropics. Lipuria^ 
or the elimination of fat with the urine, may appear in apparently healthy persons, 
sometimes with and sometimes without albuminuria, in pregnancy, and also in 
certain diseases, as in diabetes, poisoning with phosphorus, and fatty degeneration 
of the kidneys. 

Fat is usually detected by the microscope. It may also be dissolved with 
ether, and may invariably be detected by evaporating the urine to dryness and 
extracting the residue with ether. . ® 

Cholesterin is also sometimes found in the urine in chyluria and in a few other 
cases. 

Amino-acids. Leucine and tyrosine have been repeatedly found by 
the older methods in urine, especially in acute yellow atrophy of the liver, 
in acute phosphorus-poisoning, and in severe cases of typhoid and smallpox. 
Since the use of /?-naphthalene sulphochloride has been used in the detection 
of amino-acids these bodies have not only been repeatedly found in normal 
urine (glycocoll, see page 614,) but also in pathological urines. Besides an 
increased amount of glycocoll in certain cases of gout (Alex. Ignatowski) 
and the finding of tyrosine and leucine in cystinuria (Abdeuhalbbn and 
Schittenhelm) and in certain other cases, Abderhalden and Barker^ 
have also found phenylalanine (besides glycocoll, tyrosine, and leucine) in 
tl:fe urine in dogs after phosphorus poisoning. 

Cystine (see page 92). Baumann and Goldmann^ claim that a sub- 


^ See Proscher, Zeitschr. f. physiol. Chem., 31, and Clemens, Deutsch. Arch. L 
klin. Med., 71; Neubauer, Centraibl. f. Physiol 19, 145. 

® See Rosin, Virchow’s Arch., 123. 

® Ignatowski, Zeitschr. f. physiol. Chem. 42; Abderhalden and Schittenhelm, ibid. 
45; Abderhalden and Barker, ibid. 42. 

^Baiimann, Zeitschr, f. physiol. Cnem., 8. In regard to the literature on cystine’ 
see Brenzinger, ibid., 16; Baumann and Goldmann, ihid,, 12j Baumann and v*. 
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stance similar to cystine oecure in veiy small amounts in normal urine. 
This substance occurs in large quantities in the urine of clogs after poison- 
ing with phosphorus. Cystine itself is only found with positiveness, and 
even then very rarely, in urinary calculi and in pathological urines, from 
which it may separate as a sediment. Cystinuria occurs oftener in men 
than in women. Baumann and v. Udeanszky found in urine in cystinuria 
the two diamines, cadaverine (pentamethylendiamine) and putrescine (tetra- 
methylendiamine), which are produced in the putrefaction of proteins. 
These two diamines were also found in the contents of the intestine in 
cystinuria, while under normal conditions they are not present. Hammak- 
STEN therefore considers that perhaps some connection exists beBveen 
the formation of diamines in the intestine, by the peculiar putrefaction 
in cystinuria, and cystinuria itself. This is less probable and cystinuria is, 
as generally admitted, rather an anomaly in the protein metabolism where 
the cystine for unlcnowm reasons is not destroyed as oi-dinarily, although 
sometimes those having cystinuria can quantitatively destroj" the cystine 
introduced. Cases of cystinuria may occur with or without the occurrence 
of diamines in the urine, and only rarely are the diamines found in the 
urine as well as in the feces, which perhaps depends upon the fact, as found 
by Cammridge and Garhod ^ in one case, that the diamines occur only 
from time to time in the feces. The properties and reactions of cystine 
have been given on pages 92 and 93. 

Cystine is easily pi-epared from cystine calculi by dissolving them in 
alkali carbonate, precipitating the solution with acetic acid, and redissolv- 
iug the precipitate in ammonia. The cystine crystallizes on the spontane- 
ous evaporation of the ammonia. The cystine dissolved in the urine is 
detected, in the absence of proteid and sulphuretted hydrogen, by boiling 
with alkali and testing with a lead salt or sodium nitroprus.side. To isolate 
cystine from the urine, acidify the urine strongly with acetic acid. The 
precipitate containing cystine is collected after tiventy-four hours and 
digested with hydrochloric acid, wliich dissolves the cystine and calcium 
oxalate, leaving the uric acid unciissolved. Filter, supersaturate the filtrate 
with ammonium carbonate, and treat the precipitate with ammonia, which 
dissolves the cystine and leaves the calcium oxalate. Filter again and pre- 
cipitate with acetic acid. The precipitated cystine is identified by \he 
microscope and the above-mentioned reactions. Cystine as n. sediment is 
identified the microscope. It must, be purified by dissolving in ammonia 
and precipitating with acetic acid and then further tested. Traces of dis- 
, solved ci'stine may be detected by the production of benzoyl-cystine, ac- 
cording to Baumann and Goldman. 


Tldr^nszfcy. fM., 13; Stadihagen and Brieger, Berlin. Hid. 'Wochenschr., 1889; Cam- 
midge and Garrod, Joiirn. pf .Path. and„B,acteriol. 1900 (literature on diamines in the 
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VII. Urinary Sediments and Calculi- 

Urinary sediment is the more or less abundant deposit which, is found 
in the urine after standing. This deposit may consist partly of organized 
and partly of non-organized constituents. The first, consisting of cells of 
various kinds, yeast-fungi, bacteria, spermatozoa, casts, etc., must be 
investigated by means of the microscope, and the following only applies 
to the non-organized deposits. 

As previously mentioned (page 543), the urine of healthy individuals 
may sometimes, even on voiding, be cloudy on account of the phosphates 
present, or become so after a little while because of the separation of urates. 
As a rule, urine just voided is clear, and after cooling shows only a faint 
cloud (nubecula) which consists of urine mucoid, a few epithelium-cclls 
mucous corpuscles, and urate particles. If an acid urine is allowed to stand, 
it will gradually change; it becomes darker and deposits a sediment eon- 
sisting of uric acid or urates, and sometimes also calcium-oxalate ciy^^stais, 
in which yeast-fungi and bacteria are often to be seen. This change, which 
the earlier investigators called ^^acid fermentation of the urine,” is 
generally considered as an exchange of the dihydrogen alkali phosphates 
with the urates of the urine. Monohydrogen phosphates besides acid urates 
or free uric acid or a mixture of both, according to conditions/ are hereby 
formed. 

Sooner or later, sometimes only after several weeks, the reaction of the 
original acid urine changes and becomes neutral or alkaline. The urine has 
now passed into the /‘^alkaline fermentation,” which consists in the 
decomposition of the urea into carbon dioxide and ammonia by means of 
lower organisms, micrococcus urese, bacterium ure^e, and other bacteria, 
Musculus^ has isolated an enzyme from the micrococcus urese which 
decomposes urea, is soluble in w^ater and is called -wrease. During the 
alkaline fermentation volatile fatty acids, especially acetic acid, may be 
produced, chiefly by the fermenta;tion of the carbohydrates of the urine 
(Salkowski ^). A fermentation by which nitric acid is reduced to nitrous 
acid, and another where sulphuretted hydrogen is produced, may sometimes 
occur, , , ■ 

When the alkaline fermentation has advanced only so far as to render 
the reaction neutral, there often occur in the sediment fragments of uric- 
acid crystals, sometimes covered wdth prismatic crystals of alkali urate ; 
dark -colored spheres of ammonium urate, crystals of calcium oxalate, and 


^ See Huppert-Neubauer, 10. Aiifl., and A. Ritter, Zeitschr. f. Biologie, BS. 
^ Musculns, Pfinger's Arch,, 12* 

® Salkowski, Zeitschr. f. physiol. Chem., 13. 
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sometimes crystallized calcium phosphate are also found. Gr}"stals of 
ammonium-magnesium phosphate (triple phosphate) and spherical ammo- 
nium urate are specially characteristic of alkaline fermentation. The urine 
ill alkaline fermentation becomes paler and is often covered with a fine 
membrane which contains amorphous calcium phosphate and glistening 
crystals of triple' phosphate and numerous micro-organisms. 

Non-organized Sediments. 

Uric Acid. This acid occurs in acid urines as colored cr}^stals which are 
identified partly by their form and partly by their property of giving the 
murexid test. On warming the urine they are not dissolved. On the 
addition of caustic alkali to the sediment the crystals dissolve, and when a 
drop of this solution is placed on a microscope-slide and treated with a drop 
of hydrochloric acid small crystals of uric acid are obtained which can be 
easily seen under the microscope. 

Acid Urates. These occur only in the sediment of acid or neutral 
mines. They are amorpihous, clay-yellow, brick-red, rose-colored, or 
brownish red. They differ from other sediments in that they dissolve on 
warming the urine. They give the murexid test, and small microscopic 
cr^^stals of uric acid separate on the addition of hydrochloric acid. Crys- 
talline alkali urates occur very rarely in the urine, and as a mle only in 
such as have become neutral but not alkaline by alkaline fermentation. 
The crystals are somewhat similar to those of neutral calcium phosphate; 
they are not dissolved b}” acetic acid, however, but give a cloudiness there- 
with due to small crystals of uric acid. 

Ammojiumi urate may indeed occur as a sediment in a neutral urine 
which at first was strongly acid and has become neutralized by the alkaline 
fermentation,' but it is only characteristic of ammoniacal urines. This 
sediment consists of yellow or brownish rounded spheres which are often 
covered with thorny -shaped prisms and, because of this, are rather large 
and resemble the thorn-apple. It reacts to the murexid test. It is dis- 
solved by alkalies with the development of- ammonia, and, crystals of iirie 
acid separate on the addition of hydrochloric acid to this solution. 

Calcium oxalate occurs in the sediment generally as small, shining, 
strongly refractive quadratic oetahedra, which on microscopical examina- 
tion remind one of a letter-enveloire. The cr^^stals can only be mistaken 
for small, not fully developed crystals of ammonium-magnesium phos- 
phate. They differ from these, by their insolubility in acetic acid. The 
oxalate may also occur as flat, 'oval, or nearly circular disks with central 
cavities which from the side appear like an 'hour-glass. Calcium oxalate 
may occur as a sediment in- an; acid as w'ell as in a neutral or alkaline urine. 
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The quantity of calcium oxalate separated from the 1111116 as sediment 
depends not only upon the amount of this salt present but also upon the 
acidity of the urine. The solvent for the oxalate in the urine seems to be 
the diacid alkali phosphate, and the greater the quantity of this salt in the 
urine the greater the quantity of oxalate in solution. When, as previously 
mentioned (page 677 ), the simple-acid phosphate is formed from the diacid 
phosphate, on allowing the urine to stand, a corresponding part of the oxa- 
late may be separated as sediment. 

Calcium carbonate occurs in considerable quantities as sediment in the 
urine of herbivora. It occurs in but small quantities as a sediment in 
human urine, and in fact only in alkaline urines. It either has almost the 
same appearance as amorphous calcium oxalate or it occurs as somewhat 
larger spheres with concentric bands. It dissolves in acetic acid wuth the 
generation of gas, which differentiates it from calcium oxalate. It is not 
yellow or browm like ammonium urate, and does not give the murexid test. 

Calcium Phosphate. The calcium triphosphate, Ca3(P04)2, which 
occurs only in alkaline urines, is always amorphous and occurs partly as a 
colorless, Yevy fine powder and partly as a membrane consisting . of very 
fine granules. It differs from the amorphous urates in that it is colorless, 
dissolves in acetic acid, but remains undissolved on warming the urine. 
Calcium biphosphate, CaHP04+2H20, occurs in neutral or only in very 
faintly acid urine. It is found sometimes as a thin film covering the urine 
and sometimes as a sediment. In cr}^stallizing, the ciA^stals may be single, 
or they may cross one another, or they may be arranged in groups of color- 
less, wedge-shaped crystals whose wide end is sharply defined. These crys- 
tals differ from crystalline alkali urates in that they dissolve without a 
residue in dilute acids and do not give the murexid test 

Calcium sulphate occurs very rarely as a sediment in strongly acid urine. It 
appears as long, thin, colorless needles, or generally as plates grouped together. 

Ammonium-magnesium phosphate^ triple phosphate, may separate 
from an amphoteric urine in the presence of a sufficient quantity of am- 
monium salts, but it is generally characteristic of a urine which is ammo- 
niacal through alkaline fermentation. The crystals are so large that they 
may be seen wdth the unaided eye as colorless glistening particles in the 
sediment, on the walls of the vessel, and in the film on the surface of the 
urine. This salt forms large prismatic cr}^stals of the rhombic system 
(coffin-shaped) which are easily soluble in acetic acid. Amorphous magne- 
sium triphosphate, Mg3(P04)2, occurs with calcium triphosphate in urines 
rendered alkaline by a fixed alkali. Crystalline magnesium phosphate, 
Mg3(P04)2+22H20, has been observed in a few cases in human urine (also 
in horse^s urine) as strongly refractive, long rhombic plates. , , 
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V Kyestein is, tlie film which appears after a little while on tlie_ surface of the urine. 
This coating, which was formerly considered as characteristic of urine in preg- 
nancy, contains various elements, such as fungi, vibriones, epithelium-cells, etc. 
It often contains earthy phosphates and triple-phosphate crystals. 

As more rare sediments we find cysti7ie, tyrosine, hippuric acid, xanthine, hmma- 
toidine. In alkaline urine blue crystals of indigo may also occur, due to a deeoin- 
positioii of indoxyl-glucuronic acid. 

Urinary Calculi. 

Besides certain pathological constituents of the urine, all those urinary 
constituents which occur as sediments take part in the formation of urinary 
calculi. Ebstein ^ considers the essential difference between an amorphous 
or crystalline sediment in the urine on one side and urinary sand or large 
calculi on the other to be the occurrence of an organic frame in the latter. 
As the sediments which appear in normal acid urine and in a urine alkaline 
through fermentation are diverse, so also are the urinary calculi which 
appear under corresponding conditions. 

If the formation of a calculus and its further development take place 
in an undecomposed urine, it is called a primary formation. If, on the con- 
trary, the urine has undergone alkaline fermentation and the ammonia 
formed thereby has given rise to a calculus formation by precipitating 
ammonium urate, triple phosphate, and earthy phosphates, then it is called 
a SECONDARY formation. Such a formation takes place, for instance, when 
a foreign body in the bladder produces catarrh accompanied hy alkaline 
fermentation. 

We discriminate bet'ween the nucleus or nuclei — if such can be seen — 
and the different layers of the calculus. The nucleus may be essentially 
different in different cases, for quite frequently it consists of a foreign body 
introduced into the bladder. The calculus may have more than one nu- 
cleus. In a tabulation made by Ultzmann of 545 cases of vesicular eal(?uli, 
the nucleus in 80.9 per cent of the cases consisted of uric acid (and urates) ; 
in 5.6 per cent, of calcium oxalate; in 8.6 per cent, of earthy phosphates; 
in 1.4 per cent, of cystine; and in 3.5 per cent, of some foreign body. 

During the growth of a calculus it often happens that, for some reason 
or other, the original calculus-forming substance is covered with another 
layer of a different substance. A new layer of the original substance may 
deposit on the outside of this, and this process may be repeated. In this 
way a calculus consisting originally of a simple stone may ]:)e converted into 
a so-called ; compound stone with several layers of different siilistanees. 
Such calculi are always formed when a primar}? is changed into a secondary 
formation,. By the continued action of an alkaline urine containing pus, 

^ Die Natur imd Behandlung der Harnsfceme. Wiesbaden, 1884. 
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the primary constituents of an originally primary calculus may be partly 
dissolved and be replaced by phosphates. Metamorpiiosed urinary calculi 
are formed in this way. 

Uric-acid calculi are very abundant. They are variable in size and 
form. The size of the bladder-stone varies from that of a pea or bean to 
that of a goose-egg. Uric-acid stones are always colored: generally they 
are grayish yellow, yellowish brown, or pale red-brown. The upper surface 
is sometimes entirely even or smooth, sometimes rough or uneven. Next 
to the oxalate calculus the uric-acid calculus is the hardest. The fractured 
surface shows regular concentric, unequally colored layers which may often 
be removed as shells. These calculi are formed primarily. Layers of uric 
acid sometimes alternate with other layers of primary formation, most 
frequently with layers of calcium oxalate. The simple uric-acid calculus 
leaves very little residue when burnt on a platinum foil. It gives the 
murexid test, but there is no material development of ammonia when acted 
on by caustic soda. 

Ammonium urate calculi occur as primary calculi in new-born or nursing 
infants, rarely in grown persons. They often occur as a secondary forma- 
tion. The primary stones are small, with a pale-yellow or dark-yellowish 
surface. When moist they are almost like dough; in the dry state they 
are earthy, easily crumbling into a pale powder. They give the murexid 
test and develop much ammonia with caustic soda. 

Calcium-oxalate calculi are, next to uric-acid calculi, the most abundant. 
They are either smooth and small (hemp-seed calculi) or larger, of the 
size of a hen’s egg, with rough, uneven surface, or their surface is covered 
with prongs (mulberey calculi). These calculi produce bleeding easily, 
and therefore they often have a dark-brown surface due to decomposed 
blood-coloring matters. Among the calculi occurring in man these are the 
hardest. They dissolve in hydrochloric acid without developing gas, but 
are not soluble in acetic acid. After gently heating the powder, it dissolves 
in acetic acid with frothing. With more intense heat it becomes alkaline, 
due to the production of quicklime. 

Phosphate Calculi. These, which consist mainly of a mixture of the 
normal phosphate of the alkaline earths with triple phosphate, may be 
very large. They are as a rule of secondary formation, and contain besides 
these phosphates also some ammonium urate and calcium oxalate. These 
calculi ordinarily consist of a mixture of three constituents — earthy 
phosphate, triple phosphate, and ammonium urate — surrounding a 
foreign body as a nucleus. Their color is variable — white, dingy white, 
pale yellow, sometimes violet or lilac-colored (from indigo red). The 
surface is always rough. Calculi consisting of triple phosphate alone are 
seldom found. They are ordinarily small,, with granular or radiated 
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crystalline fracture. Stones of mono-acid calcium phosphate are also 
seldom; obtained. They are white and have beautiful crystalline texture. 
The phosphatic calculi do not burn up, the powder dissolves in acid with- 
out effervescence, and the solution gives the reactions for phosphoric acid 
and the alkaline earths. The triple-phosphate calculi generate ammonia 
on the addition of an alkali. 

Calciwn-carhomte calculi occur chiefly in herbivora. They are seldom found 
ill man. They have mostly chalky properties, and are ordinarily white. They 
are completely or in great part dissolved by acids with effervescence. 

Cystine calculi occur but seldom. They are of primary formation, of various 
sizes, sometimes as large as a hen’s egg. They have a smooth or rough surface, 
are white or pale yellow, and have a crystailine fracture. They are not very 
hard and are consumed almost entirely on the platinum foil burning with a bluish 
flame. They give the above-mentioned reactions for cystine. 

Xanthine calculi are very rarely found. They are also of primary formation. 
They vary from the size of a pea "to that of a hen’s egg. They are whitish, yel- 
lowish-brown or cinnamon-brown in color, of medium hardness, with amorphous 
fracture, and on rubbing appear like wax. They burn up completely when 
heated on a platinum foil. They give the xanthine reaction with nitric acid and 
alkali but this must not be mistaken for the murexid test. 

Urostealith calculi have been observed only a few times. In the moist state 
they are soft and elastic at the temperature of the bod 3^, but in the dry state they 
are brittle, with an amorphous fracture and wax}^ appearance. They burn with 
a luminous flame when heated on platinum foil and generate an odor similar to 
resin or shellac. Such a calculus, investigated by Krukenberg,^ consisted of 
paraffine derived from a paraffine bougie used as a sound on the patient. Perhaps 
the urostealith calculi observed in other eases had a similar origin, although the 
substances of %vhieh they consisted have not been closely studied. Hoebaczew- 
SKT has recently analyzed a case of urostealith which, to all appearances, was 
formed in the bladder. This calculus contained 25 p. m. water, 8 p. rn. inorganic 
bodies, 117 p. m. bodies insoluble in ether, and 850 p. m. organic bodies soluble 
in ether, among which were 515 p. m. free fatty acids, 335 p. m. fat, and traces of 
cholesterin. The fatty acids consisted of a mixture of stearic, palmitic, and 
probably myristie acids. 

Horbaczew'ski has also analyzed a bladder stone which contained 958.7 p. in. 
cholesterin. 

Fibrin calculi sometimes occur. The}^ consist of more or less changed fibrin 
coaguium. On burning the}?" develop an odor of burnt horn. 

The chemical investigation of urinary calculi is of great practical impor- 
tance. To make such an examination actually instructive it is necessary 
to investigate separately the different layei's which constitute the cal- 
culus. For this purpose saw the calculus, previously wrapped in |>aper, 
with a fine saw so that the nucleus becomes accessible. Then peel off the 
diff’erent layers, or, if the stone is to be kept, scrape off enough of the 
powder from each layer for examination. This powder is then tested by 
heating on the platinum foil. It must not be forgotten that a calculus 


^ Cliem. ITntersuch. z. wissensch. Med.,. -2. Cited from Maly's Jaliresber., 10, 422. 
® Zeitschr. f. physio!.- Chem., 18. 
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is never entirely burnt up, and also that it is never so free from organic 
matter that on heating it does not carbonize. Do not, therefore, lay too 
great stress on a very insignificant unburnt residue or on a very small 
amount of organic matter, but consider the calculus in the former case 
as completely burnt and in the latter as unaffected. 

When the powder is in great part burnt up, but a significant quantity 
of imbiirnt residue remains, then the powder in question contains as a 
rule urates mixed with, inorganic bodies. In such cases remove the urate 
with boiling water and then test the filtrate for uric acid and the suspected 
bases. The residue is then tested according to the following schema of 
Heller, which is well adapted to the investigation of urinary calculi. 
In regard to the more detailed examination the reader is referred to special 
works on the subject. 
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CHAPTER XVI. 


THE SKIN AND ITS SECRETIONS. 

In the structure of the skin of man and vertebrates many different 
kinds of substances occur which have alread}?- been considered, such as 
the constituents of the epidermal formation, the connective and fatty 
tissues, the nerves, muscles, etc. Among these the different horn struc- 
tures, the hair, nails, etc., whose chief constituent, keratin, has been 
spoken of in another chapter (Chapter II), are of special interest. 

The cells of the horny structure show, in proportion to their age, a 
different resistance to chemical reagents, especially fixed alkalies. The 
younger the horn-cell the less resistance it has to the action of alkalies; 
with advancing age the resistance becomes greater, and the cell-membranes 
of many horn-formations are nearly insoluble in caustic alkalies. Keratin 
occurs in the horn structure mixed with other bodies, from which it is 
isolated with difficulty. Among these bodies the mineral constituents in 
many cases occupy a prominent place because of their ‘ quantity. Hair 
leaves on burning 5-70 p. m. ash, which may contain in 1000 parts 230 
parts alkali sulphates, 140 parts calcium sulphate, 100 parts iron oxide, 
and even 400 parts silicic acid. Dark hair on burning seems generally, 
although not always, to yield more iron oxide than blond. The nails are 
rich in calcium phosphate, and the feathers rich in silicic acid, which 
Dkechsel ^ claims exists in part in organic combination as an ester. 

According to Gautier and Bertrand ^ arsenic also occurs in the epider- 
mal formations. The arsenic is, according to Gautier, of importance in 
the formation and growth of the same, and on the other hand these struc- 
tures, hair, nails, and epidermis-cells, are of great importance for the 
excretion of arsenic. 

The skin of invertebrates has been the subject, in a few cases, of chemi- 
cal investigation, and in these animals various substances have been 
found, of wdiich a few, though little studied, are wmrth discussing. Among 
these bodies timicin, which is found especially in the mantle of the tuni- 


^ Centralbl. f. Physiol., 11, 361. 

Gompt. rend,, 129, 130, 131; Bertrand, t6id.,134. 
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cata, and the widely diffused oUtiUj found in the cuticle-formation of 
invertebrates; are of interest. 

Tunicin. Celiulose seems, according to the investigations of Ambronn, to 
occur rather extensively in the animal kingdom in the arthropoda and the mol- 
iusks. It has been known for a long time as the mantle of the tunicata, and this 
animal celiulose was called tunicin by Berthelot. According to the investiga- 
tions of WiNTERSTEiN there does not seem to exist any marked difference between 
tunicin and ordinary vegetable cellulose. On boiling with dilute acid tuiiicin 
yields dextrose, as shown first by Franchimont ^ and later confirmed by Win- 

TBRSTBIN.. ; . ' ’ 

Ghitin is not found in vertebrates. In invertebrates chitin is alleged 
to occur in several classes of animals; but it can be positively asserted 
that true, typical chitin is found only in articulated animals, in which it 
forms the chief organic constituent of the shell, etc. According to Kraw- 
Kow^ chitin of the shell, etc., does not seem to occur free, but in com- 
bination with another substance, probably a proteid-like body. Chitin 
also occurs, according to Gilson and Winterstein,® in certain fungi. 

According to Sundvik the formula of chitin is probably CeoHiooNgOgg + 
^(HaO), where n may vary between 1 and 4, According to Araki it has 
on the contrary the composition CigHgoNaOis* According to KRAwn^ow the 
chitins of different origin show different behavior with iodine, and he 
therefore concludes that there must exist quite a group of chitins, which 
seem to be amine derivatives of different carbohydrates, such as dextrose, 
glycogen, dextrins, etc. According to Zander only two chitins exist, 
one of which turns violet with iodine and zinc chloride, and the other 
brown, 

Chitin is decomposed on boiling with mineral acids and yields, as 
shown b}^ Ledderhose, glucosamine and acetic acid, Schmiedeberg, 
therefore, considers chitin as a probable acetyl acetic-acid combination 
of glucosamine. Frankel and Kelly,® on the contrary, consider chitin 
as of a more complicated composition. The most characteristic cleavage 
product obtained by them was a chitosamine acetylized at the nitrogen 
atom, CgHigOsN.COCHg, and a second product, acetyldichitosamine, 
C14H2CO10N2, which, according to Araki, has the same composition as 
chitosan (see below), but is essentially different in many regards. 


^Ambronn, Maly’s Jaliresber., 20; Berthelot, Annal. de Chim, et Phys., 50, Conipt. 
rend., 47; Winterstein, Zeitschr. f. physiol. Chem., IS; Franchimont, Ber. d. dcutsch 
ehem. Geseilsch., 12. 

^ Zeitschr. f. Biologie, 29. 

^Gilson, Compt. rend.,. 120: Winterstein, Ber. d. deutsch. chem. Geseilsch., 27 and 

^ Sundvik, Zeitschr. f. physiol Chem., 5; Araki. ihU, 20; Zander, Pfiuger’s Andi., 00* 
5 Ledderhose, Zeitschr. f. physiol Chem., 2 and 4; Schmiedeberg, Arch. f. exp. Path, 
u. Pharm., 28; Frankel and Kelly, Monatshefte f. Chem., 23. 
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According to Hoppe-Seyler and Araki/ on heating chitin with 
alkali and a little water to 180^ C. a cleavage takes place with the splitting 
off of acetic acid, and the formation of a new substance, chitosan, whose 
formula according to Araki is Ci4H26N20io^ but according to v. Furth 
and Russo ^ more likely a multiple of Ci3H3yN20i4. On heating with acetic 
anhydride chitosan is converted into a chitindike substance which is not 
identical with chitin. Chitosan is insoluble in water and alkali, but dis- 
solves in dilute acids. It splits into acetic acid and glucosamine by the 
action of hydrochloric acid. According to v. Furtpi and Russo on acid 
cleavage it yields 25 per cent acetic acid and 60 per cent glucosamine. 
One nitrogen atom corresponds closely to 1 molecule acetic acid and f 
molecule glucosamine. All the glucosamine complexes present in the 
chitosan molecule seem to be acetylized. According to Krawr^ow the 
various chitins behave differently with iodine or with sulphuric acid and 
iodine, in that some are colored reddish brown, blue, or violet, while 
others are not colored at all. 

In a dry state chitin forms a white, brittle mass retaining the form of 
the original tissue. It is insoluble in boiling water, alcohol, ether, acetic 
acid, dilute mineral acids, and dilute alkalies. It is soluble in concen- 
trated acids. It is dissolved without decomposing in cold concentrated 
hydrochloric acid, but is decomposed by boiling hydrochloric acid. When 
chitin is dissolved in concentrated sulphuric acid and the solution dropped 
into boiling water and then boiled, a substance is obtained (glucosamine, 
chitosamine) which reduces copper suboxide in alkaline solutions. 

Chitin may be easil}^ prepared from the wings of insects or from, the 
shells of the lobster or the crab, the last-mentioned having first been 
extracted by an acid so as to remove the lime salts. The whngs or shells 
are boiled with caustic alkali until they are w^hite, afterward washed with 
water, then with dilute acid and water, and lastly extracted with alcohol 
and ether. If chitin so prepared is dissolved in cold, concentrated sul- 
phuric acid and diluted with cold water, then pure chitin separates out, 
having been set free from the combination with the other bodies (Krawucow). 

Hyalin is the chief organic constituent of the walls of hydatid cysts. From a 
chemical point of view it stands close to chitin, or between it and protein. In 
old and more transparent sacs it is tolerably free from mineral bodies, but in 
younger sacs it contains a great quantity (16 per cent) of lime salts (carbonate, 
phosphate, and sulphate). 

According to Lucice^ its composition is: 

■ 

From old cysts 45.3 6.5 5.2 43.0 

From young cysts 44.1 6.7 4,5 44,7 


* Araki. 1. c.; v. Fiirth and Russo, Hofmeister; Beitrage 8, 
Virchow^s Arch., 19, 
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It differs from keratin on the one hand and from proteids on the other by the 
absence of sulphuivaiso by its yielding, when boiled with dilute sulphuric acid, a 
variety of sugar in large quantities (50 per cent), which is reducing, fermentable, 
and dextrogyrate. It differs from chitin by the property of being gradually 
dissolved by caustic potash or soda, or by dilute acids; also by its solubility on 
heating with water to 150° C. 

The coloring matters of the skin and horn-formations are of different 
kinds, but have not been much studied. Those occurring in the stratum 
Malpighii of the skin, especially of the negro, and the black or brown pig- 
ment occurring in the hair, belong to the group of those substances which 
have received the name melanins. 

Melanins. This group includes several different varieties of amorphous 
black or brown pigments which are insoluble in water, alcohol, ether, 
chloroform, and dilute acids, and which occur in the skin, hair, epithelium- 
cells of the retina, in sepia, in certain pathological formations, and in the 
blood and urine in disease. Of these pigments there are a few, such as the 
melanin of the eye, Schmiedeberg^s sarcomelanin, and that from the 
melanotic sarcomata of horses, the hippomelanin (Nbncki, Sieber, and 
Berdbz), which are soluble with difficulty in alkalies, while others, such 
as the coloring matter of certain pathological swellings in man, the 
phymatorhusin (Nengki and Bbrdez), are readily soluble in alkalies. 
The humus-like products, called melanoidic acids by Schmiedeberg, 
obtained on boiling proteins with mineral acids, are rather easily soluble 
in alkalies. 

Among the melanins there are a few, for example the choroid pigment, 
which are free from sulphur (Landolt and others); others, on the con- 
trary, as sarcomelanin and the pigment of the hair and of horse-hair, are 
rather rich in sulphur (2-4 per cent), while the phymatorhusin found in 
certain swellings and in the urine (Nbncki and Bbrdez, K. Morner) is 
very rich in sulphur (8-10 per cent). Whether any of theise pigments, 
especially the phymatorhusin, contains any iron or not is an important 
though disputed point, for it leads to the question whether these pigments 
are formed from the blood-coloring matters. According to Nencki and 
Berdez the pigment, phymatorhusin, isolated by them from a melanotic 
sarcoma did not contain any iron, and according to them is not a deriv- 
ative of haemoglobin. K. Morner and later also Brandl and L. PrEiFmcii 
found, on the contrary, that this pigment did contain iron, and they 
consider it as a derivative of the blood-pigments. The sarcomelanin 
(from a sarcomatous liver) analyzed by Schmiedeberg contained 2.7 per 
cent iron, which was in organic combination in part and could not be com- 
pletely removed by dilute hydrochloric acid. The sarcomelanic acid pre- 
pared by Schmiedeberg by the action of alkali on this melanin contained 
1.07 per cent iron. The sarcomelanin investigated by Zdarek and v. 
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Zeynek also contained 0.4 per cent iron. Recently Wolff ^ has pre- 
pared two pigments from a melanotic liver of which one was no doubt 
modified. The other, which was soluble in a soda solution, contained 2.51 
per cent sulphur and 2.63 per cent iron, which was in great part split off 
by 20 per cent hydrochloric acid. From another liver he obtained on the 
contrary a melanin free from iron with 1.67 per cent sulphur. From 
this melanin he obtained, by treatment with bromine, a hydro-aromatic 
body which was related to xyliton (a condensation product of acetone).^ 

The difficulties which attend the isolation and purification of the mela- 
nins have not been overcome in certain cases, while in others it is ques- 
tionable whether the final product obtained has not another composition 
from the original coloring matter, owing to the energetic chemical processes 
resorted to in its purification. Under these circumstances and as no 
doubt we have a large number of melanins having different composition, 
it seems that a tabulation of the analyses of the different melanin prepa- 
rations can onl}’^ be of secondary importance. 

The one or more pigments of the human hair have a low percentage 
of nitrogen, 8.5 per cent (Sieber), and a variable but considerable amount 
of sulphur, 2.71-4.10 per cent. The great quantity of iron oxide which 
remains on incinerating hair does not seem to belong to the pigments* 
The pigment of the negroes skin and hair was found entirely free from iron 
by Abel and Davis.^ The pigment prepared by Spieglbr from the 
hair of animals also contained no iron. 

So little is known about the structural products of the melanins or 
melanoids that it is impossible to give the origin of these bodies. As 
undoubtedly there are several distinct melanins, their origin must also be 
distinct. The ferruginous melanins should be considered as originating 
from the blood-pigments until further research proves otherwise. Most 
melanins — and this is also true for the melanoids produced from proteins 
on cleavage with acids (Samuely) — yield indol or skatol and a pyrrol 
substance, and we must therefore admit with Samuely^ that the dif- 
ferent chromogen groups contained in the protein molecule, which readily 
yield aromatic and specially heterocyclic nuclei, which condense with the 
withdrawal of water and absorption of oxygen, produce dark colored pro- 
ducts the mixture of which forms the melanoids. 


^ Zdarek and v. Zeynek, Zeitschr. f. physiol. Chem., 86; Wolff, Hofmeister Beitrage 
5. The literature on the melanins may be found in Schmiedeberg, “Elementarformeln 
einiger Eiv/eisskorper, etc.” Arch. f. exp. Path. u. Pharm., 89; also in Kobert, Wiener 
lOinik, 27 (1901), and Spiegler, Hofmeister’s Beitrage, 4. 

* The summary of the extensive literature on melanotic pigments may be found in 
O. V. Fiirth, Centralbl. f. ailgem. Path, u. Pathol. Anat. 15, 1904. 

^ Journ. of Expt. Med. 1, 361. 

Hofmeisterks Beitrage, 2. 
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It lias also been found that by the action of tyrosinases upon tyrosine 
dark products similar to melanin are formed, and these, like the animal 
melanins, yield substances smelling like skatol on fusion with alkali. 
Such a direct pigment formation caused by the presence of tyrosinase has 
also been observed by Gessard in the maceration of the skin of frogs and 
toads, and certain investigators, such as Gessard, v.Furth and Schneider,^ 
are therefore of the opinion that tyrosine is the mother-substance of the 
melanins. 

In addition to the coloring matters of the human skin it is in place here to 
treat of the pigments found in the skin or epidermal for mation of animals. 

The beautiful color of the feathers of many birds depends in certain cases on 
purely physical causes (interference-phenomena), but in other cases on (3oloring 
matters of various kinds. Such a coloring matter is the amorphous reddish-violet 
turadn, which contains 7 per cent copper and whose spectrum is very sirniiar to 
that of oxyhsemoglobin. It must be remarked that according to Laidlaw ® tiiraeiii 
or at least a pigment with the same properties can be obtained on boiling haniiato- 
porphjrin in dilute ammonia with ammoniacal copper solution. Krukenberg ® 
found a large number of coloring matters in birds^ feathers, namely, sroaery/Arm, 
zoofulviUj iuraco'oerdin^ zoorubiriy psittacofulvin, and others which cannot be 
enumerated here. 

Tetronerythrin, so named by Wurm, is a red amorphous pigment which is 
soluble in alcohol and ether, and which occurs in the red wart}^ spots over the eyes 
of the heathcock and the grouse, and which is very widely spread among the inver- 
tebrates (Halliburton, De Merbjkowski, MacMunn). Besides tetronerythrin 
MacMunn found in the shells of crabs and lobsters a blue coloring matter cyano-' 
a'ystallin, which turns red with acids and by boiling water. HcBmatoporphyrin, 
according to MacMunn,^ also occurs in the integuments of certain of tlie lower 
animals. 

In certain butterflies (the pieridinae) the white pigment of the wings consists, 
as shown by Hopkins,^ of uric acid, and the yellow pigment of a uric-acid deriva- 
tive, lepidotic acM, which yields a purple substance, lepidoporphyrin^ on ^Yarming 
with dilute sulphuric acid. The yellow and red pigment of the Vanessa are, 
according to Linden,® of an entirely different kind. In this case we are dealing 
with a compound between proteid and a pigment which is allied to bilirubin or 
urobilin, i.e., a compound similar to haemoglobin. 

In addition to the coloring matters thus far mentioned a few others found in 
certain animals (though not in the skin) will be spoken of. 

Caxmmic acid, or the red pigment of the cochineal, gives on oxidation, accord- 
ing to Libbeemann and Voswincicel,^ cochenillic acid, CioHgOy, and coccmic acid. 


^ Gessard, Compt. rend. 180, and Compt. rend., soc. biol. 57 ; v. Furth and Schneider, 
HofmeisteFs Beitr%e, 1. 

^ Journ. of Physiol. 31. 

® Vergleiehende physiol. Studien, Abth. 5, and (2. Reilie) Abth. 1, 151 , Abth. 2, 1, 
and Abth. 3, 128. 

^Wurm, cited from Malyhs Jahresber., 1; Halliburton, Journ. of Physiol., 0; Merej- 
kowski, Compt. rend., 93; MacMunn, Proc. Eoy. Soc., 1883, and Journ. of PhysioL, 7. 
® Phil. Trans., 186. 

®PfiugeFs Arch., 98, 

^ Ber. d. deutsch, chem. Gesellsch., 30. 
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CoH gOs/ the first being the tri-carboxylic acid, and the other the di-carboxylic 
acid of m-cresol. The beautiful purple solution of ammonium carminate has two 
absorption-bands between D and E which are similar to those of oxyhaemoglobin. 
These bands lie nearer to E and closer together and are less sharply defined. P-ur- 
pU is the evaporated residue from the purple- violet secretion, caused by the action 
of the sunlight, from the so-called ^‘purple gland of the mantle of certain species 
of murex and purpura. Its chemical nature has not been investigated. 

Among the remaining coloring matters found in invertebrates may be men- 
tioned blue stentorm, actiniochroiriy bonellinj polyperythrin, pentacrinin, antedoniny 
crustaceorubin, janthinm, and chlorophyll. 

Sebum when freshl}^ secreted is an oily semi-fluid mass which solidifies 
on the upper surface of the skin, forming a greasy coating. Sebum is 
according to Rohmann and Linseb a mixture of the secretion of the 
sebaceous glands and of the constituents of the epidermis. Hoppe- 
Seyler has found in the sebum a body similar to casein besides albumin 
and fat. According to Rohmann and Linser true fat occurs only to a 
ver}^ slight extent. On saponification the sebum gives an oil, dermoleiriy 
which combines readily with iodine, and another body, dermocenUy which 
melts at 64-65° and Avhich occurs to a considerable extent in dermoid 
cysts and which is perhaps identical with the constituent of cysts called 
cetylalcohol by v. Zeynek. The amount of cholesterin in this secretion 
is small and originates essentially fi'om the epidermoidal formation. 
Cholesterin is found in especially large quantities in the vernix caseosa. 
The solids of the sebum consist chiefly of fat, epithelium-cells, and protein 
bodies; the vernix caseosa is made up chiefly of fat. Ruppel ^ found on 
an average in the vernix caseosa *348.52 p. m. water and 138.72 p. m. 
ether extractives. Besides cholesterin he found also isocholesterin. 

On account of the generally diffused view that the 'wax of the plant 
epidermis serves as protection for the inner parts of the fruit and plant, 
Liebreich '^ has suggested that these combinations of fatty acids with 
monatomic alcohols are the cause of the waxes having a greater resistance 
as compared with the glycerine fats. He also considers that the choles- 
terin fats play the rdle of a protective fat in the animal kingdom, and he 
has been able to detect cholesterin fat in human skin and hair, in vernix 
caseosoy wdialebone, tortoise-shell, cow’s horn, the feathers and beaks of 
several birds, the spines of the hedgehog and porcupine, the hoofs of 
horses, etc. He dra\vs the following conclusion from this, namely, that 
the cholesterin fats always appear in combination with the keratinous 
substance, and that the cholesterin fat, like the wax of plants, serves as 
protection for the skin-surface of animals. 


^ Hoppe-Seyler, Physiol. Chem. 760; Linser with Rohmann, Centralbl. f. Physiol. 
19, 317; see also reference in ibid. 18 from Deutsch. Arch. f. klin. Med., 1904; Rllppel 
Zeitschr. f. physiol, Chem., 21. 
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In the fatty protective substance secreted by the Psylla alni Sundvik ^ has 
found psyiia-aleohol, GasHggO, which exists there as an ester in combination with 
psyllic acid/ CsaHgsCOOH. 

Cerumen is a mixture of the secretion of the sebaceous and sweat glands 
of the cartilaginous part of the outer passages of the ear. It contains 
chiefly soaps and fat, fatty acids, cholesterin and proteid, and besides 
these a red substance easily soluble in alcohol and with a bitter-sweet 
taste.^ 

The preputial secretion, smegma prm'putiij conidlm chiefly fat, also 
cholesterin and ammonium soaps, which probably are produced from 
decomposed urine. The hippuric acid, benzoic acid, and calcium oxalate 
found in the smegma of the horse have probably the same origin. 

We may also consider as a preputial secretion the castor eum>, which is secreted 
by two peculiar glandular sacs in the prepuce of the beaver. The castoreum is a 
mixture of proteins, fat, resins, traces of phenol (volatile oil), and a non-nitrog- 
enous body, castoriuj crystallizing in four-sided needles from alcohol, insoluble 
in cold water, but somewhat soluble in boiling water, and whose composition is 
little known. 

In the secretion from the anal glands of the skunk butyl mercaptan and aikyi 
sulphide have been found (Aldrich, E. Beckmann^). 

Wool-]at, or the so-called fat-sweat of sheep, is a mixture of the secretion of 
the sudoriparous and sebaceous glands. There is found in the watery extract a 
large quantity of potassium which is combined with organic acid, volatile and non- 
volatile fatty acids, benzoic acid, phenol-sulphuric acid, lactic acid, malic acid, 
succinic acid, and others. The fat contains, among other bodies, abundant quan- 
tities of ethers of fatty acids with cholesterin and isochoiesterin. Darmstadter 
and Lifschutz have found other alcohols in wool-fat besides myristic acid, also 
two oxyfatty acids, lanoceric acid, C 30 H 60 O 4 , and lanopalmitie acid, CigHjjoO;}. 
According to Rohmann ^ wool-fat contains a body lanocerin^ which is the internal 
anhydride of the above-mentioned lanoceric acid. Lanocerin is obtained without 
saponiflcation by repeatedly boiling lanolin with methyl alcohol, dissolving the 
insoluble residue in ether and precipitating with alcohol. 

The secretion of the coccygeal glands of ducks and geese contains a body similar 
to casein, besides albumin, nuclein, lecithin, and fat, but no sugar (De Jonge). 
The chief constituent is octadecyl alcohol, CigHgsO, which represents 40-45 per cent 
©f the ethereal extract (Rohmann). The fatty acids are oleic acid, small amounts 
of capryiic acid, palmitic acid, and stearic acid, and optical isomers of iauric and 
myristic acid. ^ The fatty acids are in great part combined with the octadecylie 
acid, and this is probably formed by the reduction of stearic acid or oleic acid. 
The secretion also contains a substance related to lanocerin which Rohmann calls 
pennacerin. Poisonous bodies have been found in the secretion of the skin of the 
salamander and the toad, namely, samandarin (Zaleski, Faust) and bufidiv. 
(JoRNAHA and Gasali), hufotalin and the disputed bodies hufonin and bujotenin 


^ Zeitschr. f. physiol. Chem., 17, 25, and 32. 

2 See Lamois and Martz, Maly’s Jahresber., 27, 40. 

; 2 Aldrich, Journ. of Expt. Med., 1; Beckmann, Maly’s Jahresber., 26, 566. 

DamstMter and Lifschutz, Ber. d. d. Ghem., Gesellsch. 23 and 31; Rohmann, 
Hofnieisters Beitrage 5 and Centrabll L Physiol. 13, 317, 





PERSPIRATION. / 693 

(Faust, Bertrand and Phisalix ^). Thalassin is the ciystalline body discovered 
by Richet ^ which is the poisonous constituent of the feelers of the sea nettle. 

The Perspiration. Of the secretions of the skin, whose quantity 
amounts to about of the weight of the body, a disproportionally large 
part consists of water. Next to the kidneys, the skin in man is the most 
important means for the elimination of water. As the glands of the skin 
and the kidneys stand near to each other in regard to their functions, 
they may to a certain extent act vicariously. 

The circumstances which influence the secretion of perspiration are 
very numerous, and the quantity of sweat secreted must consequently 
vary considerably. The secretion differs for different parts of the skin, 
and it has been stated that the perspiration of the cheek, that of the palm 
of the hand, and that under the arm stand to each other as 100:90:45. 
From the unequal secretion on different parts of the body it follows that 
no results as to the quantity of secretion for the entire surface of the body 
can be calculated from the quantity secreted by a small part of the skin in 
a given time. In determining the total quantity a stronger secretion is 
as a rule produced, and as the glands can with difficulty work for a long 
time with the same energy, it is hardly correct to estimate the quantity 
of secretion per day from a strong secretion during only a short time. 

The perspiration obtained for investigation is never quite pure, but 
contains cast-off epidermis-cells, also cells and fat-globules from the seba- 
ceous glands. Filtered perspiration is a clear, colorless fluid with a salty 
taste and of different odors from different parts of the body. The physio- 
logical reaction is acid, according to most statements. Under certain 
conditions also an alkaline sweat may be secreted (Trumpy and Luch- 
siNGER, Heuss). An alkaline reaction may also depend on a decompo- 
sition with the formation of ammonia. xAccording to a few investigators 
the physiological reaction is alkaline, and an acid reaction depends, 
according to them, upon an admixture of fatty acids from the sebum. 
Cameher found that the reaction of human perspiration in certain cases 
was acid and in others alkaline. Moriggiia found that the sweat from 
herbivora was ordinarily alkaline, while that from carnivora was gener- 
ally acid. According to Smith ^ horse’s sweat is strongly alkaline. 


^ De Jorige, Zeitschr. f. physiol. Chem., S; Roiimami 1. c.; Zaieski, lioppe-Seyleffs 
Med.-chem. Untersuch,, 85; Faust, Arch, f. exp. Path. u. Pharm,, 41; Jornara and Casali, 
Maly’s Jahresber., 3; Faust, Arch. f. exp. Path. u. Pharm., 47 and 49; Bertrand, Cornpt. 
rend., 135; Bertrand and Phisalix, ibid, 

^ Pdiiger’s Arch., 108. 

^ Trumpy and Luchsinger, Pfliiger’s Arch., 18; Ileuss, Maly’s Jahresber., 22; Camerer, 
Zeitschr. f. Bioiogie, 41; Moriggia, Moieschott’s Untersuch. zur Natuiiehre, 11; Smith, 
Journ. of Physiol, 11. In regard to the older literature on perspiration, see Hermann’s 
Handbuch, 5, Thl 1, 421 and 543. , ^ . . , : . 
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The specific gravity of human perspiration varies between 1.001 and 
1,010. It contains 977.4-995.6 p. m., average about 982 p. ni. water. 
The solids are 4.4-22.6 p. m. The molecular concentration is also very 
variable and the freezing-point depression depends essentially upon the 
content of NaCl. ARDiN-DEUTEiLfound A = — 0.08 - 0.46°, average — 0.237°. 
Brieger and Disselhorst^ found with perspiration containing 2.9, 7.07 
and 13.5 p. m. NaCl, that the A was equal to —0.322°, —0.608° and - 1.002°, 
respectively. The organic bodies are neutral fats, cholestenUj volatile fatty 
acids.imms oi protein (according to Leclerc and Smith always in horses, 
and according to Gaube regularly in man, while Leube ^ claims only 
sometimes after hot baths, in Bright's disease, and after the use of pilo- 
carpin), also creatinine (Capranica), aromatic oxyacids, ethereal-sulphuric 
acids of phenol and skatoxyl (Kast^), sometimes also of indoxyl, and 
lastly The quantity of urea has been determined by ilRGUTiNSKY. 

In two steam-bath experiments, in which in the course of ^ and | hour 
respectively he obtained 225 and 330 c. c, of perspiration, he found 1.61 
and 1.24 p. m. urea. Of the total nitrogen of the perspiration in these 
two experiments 68.5 per cent and 74.9 per cent respectively belong to 
the urea. From Argutinsky's experiments, and also from those of 
Cramer, it follows that of the total nitrogen a portion not to be disre- 
garded is eliminated by the perspiration. This portion was indeed 12 
per cent in an experiment of Cramer at high temperature and powerful 
muscular activity. Cramer has also found ammonia in the perspiration. 
In ursemia, and in anuria in cholera, urea may be secreted in such ciuan- 
titles by the sweat-glands that crystals deposit upon the skin. The mineral 
bodies consist chiefly of sodium chloride with some potassium chloride, 
alkali sulphate, and phosphate. The relative quantities of these in per- 
spiration differ materially from the quantities in the urine (Favre,"’ East), 
The relationship, according to East, is as follows: 

Chlorine : Phosphate .* Sulphate 


In perspiration 1 : 0,0015 : 0.009 

In urine 1 : 0.1320 : 0.397 


East found that the proportion of ethereal-sulphuric acid to the sul- 
phate-sulphuric acid in perspiration was 1:12. After the administration 


^ Ardin-Delteil, Maly’s Jahresber., 30; Brieger and Disselhorst, Deutsch. med. Woeli- 
encshr., 29. 

2 Leclerc, Coinpt. rend., 107; Gaube, Maly’s Jahresber., 22; Leube, Virchow’s Arch., 
48 and 50, and Arch. f. klin. Med., 7, 

^ Capranica, Maly’s Jahresber., 12; East, Xeitschr. f, physiol. Chem., 11. 

^ Argutinsky, Pfliiger’s Arch,, 46; Cramer, Arch. f. Hygiene, 10. 

® Compt. rend., 35. and Arch. g6n^r. de Mea. (5), 2. 
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of aromatic substances the ethereal-sulphuric acid does not increase to 
the same extent in the perspiration as in the urine (see Chapter XV). 

Sugar may pass into the perspiration in diabetes, but the passage of the bile- 
coloring matters has not been positively shown in this secretion. Be^izoic acid, 
succinic acid, tartaric acid, iodine, arsenic, mercuric chloride, and quinine pass 
into the perspiration. Uric acid has also been found in the perspiration in gout 
and cystine in cystinuria. 

Chromhidrosis is the name given to the secretion of colored perspiration. 
Sometimes perspiration has been observed to be colored blue by indigo (Bizio), by 
pyocyanin, or by ferro-phosphate (Kollmann^- True blood-sweat, in which 
blood-corpuscles exude from the opening of the glands, has also been observed. 

The exchange of gas through the skin in man is of very little importance 
compared with the exchange of gas by the lungs. The absorption of 
oxygen by the skin, which was first shown by Regixault and Reiset^ 
is very small, and according to Zuelzer amounts under the most favor- 
able circumstances to of the oxygen absorbed by the lungs. The 
quantity of carbon dioxide eliminated by the skin increases with the rise 
of temperature (Aubert, Rohrig, Fubini and Ronchi, Barratt^). It 
is also greater in light than in darkness. It is greater during digestion 
than when fasting, and greater after a vegetable than after an animal 
diet (Fubini and Ronchi). The quantity calculated by various inves- 
tigators for the entire skin surface in twenty-four hours varies between 
2.23 and 32.8 grains.^ In a horse, Zuntz with Lehmann and Hagemann,^ 
found for twenty-four hours an elimination of carbon dioxide by the skin 
and intestine which amounted to nearly 3 per cent of the total respiration. 
Less than four-fifths of this carbon dioxide came from the skin respira- 
tion. According to the same investigators the skin respiration equals 
2h per cent of the simultaneous lung respiration. 


^ Bizio, Wien. Sitzungsber., 39; Kollmann, cited from v. Gorup-Besanez's Lelirbuch, 
4. Aufi., 555, 

^Zuelzer, Zeitsehr. f. klin., Med., 53; Aubert, PfliigeFs Arch., 6; Rohrig, Deutsch. 
Klin., 1872, 209; Fubini and Ronchi, Moleschott^s Untersuch. z. Naturlehre, 12; Barratt, 
Journ. of Physiol., 21. 

3 See Hoppe-Seyler, Physiol. Chem., 580. 

^ Arch. f. (Anat., u,). Physiol., 1894, and Maly’s Jahresber., 24. 


CHAPTER XVII. 


CHEMISTRY OF RESPIRATION. 

During life a constant exchange of gases takes place between the 
animal body and the surrounding medium. Oxygen is inspired and 
carbon dioxide expired. This exchange of gases, which is called respira- 
tion, is brought about in man and vertebrates by the nutritive fluids, 
blood and lymph, which circulate in the body and which are in constant 
commMication with the outer medium on one side and the tissue-elements 
on the other. Such an exchange of gaseous constituents may take place 
wherever dhe anatomical conditions offer no obstacle, and in man it may 
go on in the intestinal tract, through the skin, and in the lungs. *\s 
compared with the exchange of gas in the lungs, the exchange already 
mentioned, which occurs in the intestine and through the skin, is very 
insigniflcant. For this reason we will discuss in this chapter only the 
exchange of gas between the blood and the air of the lungs on one side 
and the blood and lymph and the tissues on the other. The first is often 
designated as external respiration, and the other, internal respiration. 

L The Gases of the Blood. 

Since the pioneer investigations of Magnus and Lothar i\IuYER the 
gases of the blood have formed the subject of repeated careful investiga- 
tions by prominent experimenters, among whom must be mentioned first 
G. Ludwig and his pupils and E. Pfi.ugiiir and his school. By these 
investigations not only has science been enriched by a mass of facts* but 
also the methods themselves have been made more perfect and accurate. 
In regard to these methods, as also in regard to the laws of the absorption 
of gases by liquids, dissociation, and related questions, the reader is referred 
to text-books on physiology, on physics, and on gasometric analysis. 

The gases occurring in blood under physiological conditions are oxygen^ 
carbon dioxide and nitrogen, and traces of argon, hydrogen, hydrocarbons 
and carbon monoxide. The nitrogen is found only in very small quan- 
tities, on an average 1.2 vols. per cent. The quantity is here, as in all 
following experiments, calculated for 0® C. and 760 mm. pressure. The 
nitrogen seems to be simply absorbed by the blood, at least in great part. 
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It appears^ like argon, to play no direct part in the processes of life, and 
its quantity varies but slightly in the blood of different blood-vessels. 

The oxygen and carbon dioxide behave otherwise, as their quantities 
have significant variations, not only in the blood from different blood- 
vessels, but also because many conditions, such as a difference in the 
rapidity of circulation, a different temperature, rest and activity, cause a 
change. In regard to the gases they contain the greatest difference is 
observable between the blood of the arteries and that of the veins. 

The quantity of oxygen in the arterial blood of dogs is on an average 
22 vote, per cent (Pfluger). In human blood Setschenow found about 
the same quantity, namely, 21.6 vote, per cent. Lower figures have been 
found for rabbit's and bird's blood, respectively 13.2 per cent and 10-15 
per cent (Walter Jolyet). Venous blood in different vascular regions 
has very variable quantities of oxygen. By summarizing a great num- 
ber of analyses by different experimenters Zuntz has calculated that the 
venous blood of the right side of the heart contains on an average 7.15 
per cent less oxygen than the arterial blood. 

The quantity of carbon dioxide in the arterial blood (of dogs) is about 
40 vote, per cent (Ludwig, Setschenow, Pfluger, P. Bert, Bohr and 
Henri ques and others), or a little above. Setschenow found 40.3 vote, 
per cent in human arterial blood. The quantity of carbon dioxide in 
venous blood varies still more (Ludwig, Pfluger, and their pupils, 
P. Bert, Mathieu and Urbain, and others). According to the 
calculations of Zuntz, the venous blood of the right side of the 
heart contains about 8.2 per cent more carbon dioxide than the 
arterial. The average amount may be put down as 50 vote, per cent. 
Holmgren found in blood after asphyxiation even 69.21 vote, per cent 
carbon dioxide.^ 

Oxygen is absorbed only to a small extent by the plasma, which only 
absorbs 0.65 per cent oxygen. The greater j)art or nearly all of the 
oxygen is loosely combined with the haemoglobin. The quantity of 
oxygen which is contained in the blood of the dog corresponds closely to 
the quantity which from the activity of the haemoglobin we should expect 
to combine with oxygen, and from the quantity of haemoglobin contained 
therein. It is difficult to ascertain how far the circulating arterial blood 
is saturated with oxygen, as immediately after bleeding a loss of oxygen 
always takes place. Still it seems to be unquestionable that it is not 
quite completely saturated with oxygen in life,. 


^ AE the figures given above may be found in Zuntz's “Die Gase des Blutes^^ in 
Hermann's Handbuch d. Physiol., 4, Thl. 2, 33-43, which also contains detailed state- 
ments and the pertinent literature, and Bohr in NageFs Handbuch der Physiologie des 
Menschen, Bd. 1, Hefte 1, 1905. 
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The carbon dioxide of the blood occurs in part, and indeed, according 
to the investigations of Alex. Schmidt,^ Zuntz,^ and L. Fbebericq,^ to 
the extent of at least one-third in the blood-corpuscles, also in part, and 
in fact the greatest part, in the plasma or serum. According to Bohr a 
pressure of about 30 mm. may be considered as the average pressiiie of 
the carbon dioxide in the organism, and with such a pressuie the c|iiantity 
of physically dissolved CO3 in 100 c.c. of the blood amounts to 2.01 c.c. 
As the blood with this tension takes up about 40 vols. per cent CO 2 , hence 
about 5 per cent of the total carbon dioxide is simply dissolved. Under 
the assumption that the blood corpuscles make up about of the volume 
of the blood, of the physically dissolved COg, 0.59 c.c. exists with the 
coi'puscles and 1.42 c.c. with the plasma. 

As the blood corpuscles in 100 c.c. blood as above stated take up at 
the above pressure about 14 c.c. COg only a small part of its CO 3 is physi- 
cally dissolved. The chief mass of the CO 3 is loosely combined and the 
constituent of these cells which unites with the CO 2 seems to be the alkali 
combined with phosphoric acid, oxyhaemoglobin or haemoglobin, and 
globulin on one side and the hsemoglobin itself on the other. That in the 
red blood-corpuscles alkali phosphate occurs in such quantities that it 
may be of importance in the combination with carbon dioxide is not to 
be doubted; and it must be allowed that from the diphosphate, by a 
greater partial pressure of the carbon dioxide, monophosphate and alkali 
carbonate are formed, while by a lower partial pressure of the carbon 
dioxide the mass action of the phosphoric acid comes again into play, so 
that, with the carbon dioxide becoming free, a re-formation of alkali 
diphosphate takes place. It is generally admitted that the blood-coloring 
matters, especially the oxyhsemoglobin which can expel carbon dioxide 
from sodium carbonate in vacuo ^ acts like acids; and as the globulins also 
act similarly (see below), these bodies may also occur in the blood- 
corpuscles as an alkali combination. The alkali of the blood-corpuscles 
must therefore, according to the law of mass action, be divided between 
the carbon dioxide, phosphoric acid, and the other constituents of the 
blood-corpuscles which possess acidic properties, and among these espe- 
cially the blood pigments, because the globulin can hardly be of importance 
on account of its small quantity. By greater mass action or greater 
partial pressure of the carbon dioxide, bicarbonate must be formed at 
the expense of the diphosphates and the other alkali combinations, while 
at a diminished partial pressure of the same gas, with the escape of carbon 

^ Ber. d. k, sacks. Gesellsch. d. Wissensch., math.-phys. Ivlasse, 1867. 

^ Centralbl. f, d. med. Wissensch., 1867, 529. 

3 Recherches sm la constitution du Plasnaa sanguin, 1878, 50, 51. 

* In regard to the work of Bohr we will refer here and in future to NageFs Handbuch 
der Physiologie des Menschen, Bd. 1 , Hefto 1, 
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dioxide, the alkali diphosphate and the other alkali combinations must 
be re-formed at the cost of the bicarbonate. 

I-Lemoglobin must nevertheless, as the investigations of Setschenow ^ 
and ZuNTz, and especially those of Bohe and Torup,^ have shown, be 
able to hold the carbon dioxide loosely combined even in the absence of 
alkali. Bghr has also found that the dissociation curve of the carbon- 
dioxide hsemogiobin corresponds essentially to the curve of the absorp- 
tion of carbon dioxide, on which ground he and Torup consider the hsemo- 
globiii itself as of importance in the binding of the carbon dioxide of the 
blood, and not its alkali combinations. According to Bohr the haemo- 
globin takes up the two gases, oxygen and carbon dioxide, simultane- 
ously by the oxygen uniting with the pigment nucleus and the carbon 
dioxide with the protein component. But as according to the researches 
of ZuNTz ® the combination of heemoglobin with the alkali is first split 
to any great extent with a carbon dioxide tension of more than 70 mm., it 
must be admitted that with the ordinary CO^ pressure in the organism, the 
combination of the carbon dioxide in the blood corpuscles does not essen- 
tially take place through the agency of the alkali but chiefly by means 
of the haemoglobin. 

The chief part of the carbon dioxide of the blood is found in the 
blood-plasma or the blood-serum, which follows from the fact that the 
serum is richer in carbon dioxide than the corresponding blood itself. 
By experiments with the air-pump on blood-serum it has been found 
that the chief part of the carbon dioxide contained in the serum is given 
off in a vacuum, while a smaller part can be removed only after the 
addition of an acid. The red blood-corpuscles also act as an acid, 
and therefore in blood all the carbon dioxide is expelled m 
Hence a part of the carbon dioxide is in firm chemical combination 
in the serum. 

Absorption experiments with blood-serum have shown us further that 
the carbon dioxide which can be pumped out is in great part loosely chem- 
ically combined, and from this loose combination of the carbon dioxide 
it necessarily follows that the serum must also contain simply absorbed 
carbon dioxide. For the form of binding of the carbon dioxide contained 
in the serum or the plasma there are the three following possibilities: 
1. A part of the carbon dioxide is simply absorbed; 2. Another part is 
in loose chemical combination; 3. A third part is in firm chemical com- 
bination. 


' CentralbL f. d. med. Wissensch., 1877. See also Zuntz in Hermann's Handbtich, 

2 Znntz, 1. c., 76; Bohr, Maly's Jahresber., 17 ; Torup, 

* CentralbL f. d, med. Wissensch., 1867, 
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The quantity of physically dissolved carbon dioxide in the serum cannot 
be higher than about 2 vols. per cent, as the quantity of carbon dioxide in 
the plasma corresponding to 100 c.c. of blood is given above as 1.42 c.c. 

The quantity of carbon dioxide in the blood-serum which is combined 
as a firm chemical union depends upon the quantity of simple alkali 
carbonate in the serum. This amount is not known/and it cannot be 
determined either by the alkalinity found by titration, nor can it be calcu- 
lated from the excess of alkali found in the ash, because the alkali is not 
only combined with carbon dioxide, but also with other bodies, especially 
with protein. The quantity of carbon dioxide in firm chemical combi- 
nation cannot be ascertained after pumping out m mcim without the 
addition of acid, because to all appearances certain active constituents 
of the serum, acting like acids, expel carbon dioxide from the simple 
carbonate. The quantity of carbon dioxide not expelled from dog- 
serum by vacuum alone without the addition of acid amounts to 4.9 to 
9.3 vols. per cent, according to the determinations of Pfluger.^ 

From the occurrence of simple alkali carbonates in the blood-serum it 
naturally follows that a part of the loosely combined cai’bon dioxide of 
the serum which can be pumped out must exist as bicarbonate. The 
occurrence of this combination in the blood-serum has also been directly 
shown. In experiments with the pump, as well as in absorption experi- 
ments, the serum behaves in other ways different from a solution of bicar- 
bonate, or carbonate of a corresponding concentration; and the behavior 
of the loosely combined carbon dioxide in the serum can be explained 
only by the occurrence of bicarbonate in the serum. By means of 
vacuum the serum always allows much more than one half of the carbon 
dioxide to be expelled, and it follows from this that in the pumping out 
not only may a dissociation of the bicarbonate take place, but also a 
conversion of the double sodium carbonate into a simple salt. As we 
know of no other carbon-dioxide combination besides the bicarbonate 
in the serum from which the carbon dioxide can be set free by simple 
dissociation in vacuoj it must be assumed that the serum contains other 
weak acids, in addition to the carbon dioxide, which contend with it for 
the alkalies, and which expel the carbon dioxide from simple carbonates 
in vacuo. The carbon dioxide which is expelled by means of. the pump, 
and which, without regard to the quantity merely absorbed, is generally 
designated as carbon dioxide in loose chemical combination,” is thus 
only obtained in part in dissociable loose combinations; in part it origi- 
nates from the simple carbonates, from which it is expelled in vacuo by 
other weak acids. 

*E. PflCger, Ueber die Kohlenstoe des Blutes, Bonn, 1864, 11. Cited from Zunt:s 
m Hermann's Handbuch, 65/ . , . . . 
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These weak acids are thought to be in part phosphoric acid and in 
part globulins. The importance of the alkali phosphates for the carbon- 
dioxide combination has been shown by the investigations of Fernet; 
but the quantity of these salts in the serum iS; at least in certain kinds 
of blood, for example in ox-serum, so small that it can hardly be of 
importance. In regard to the globulins Setschenow is of the opinion 
that they do not act as acids themselves, but form a combination with 
carbon dioxide, producing carboglobulinic acid, which unites with the 
alkali. According to Sertoli,^ whose views have found a supporter in 
Torup, the globulins themselves are the acids which are combined with 
the alkali of the blood-serum. In both cases the globulins would form, 
directly or indirectly, that chief constituent of the plasma or of the blood- 
serum which, according to t^e law of mass action, contends with the 
carbon dioxide for the alkalies. By a greater partial pressure of the 
carbon dioxide the latter deprives the globulin alkali of a part of its alkali 
and bicarbonate is formed; by low partial pressure carbon dioxide is set 
free and it is abstracted from the bicarbonate by the globulin alkali. 

The assumption that the proteins of the blood are bodies active in 
combining with the carbon dioxide has received some support by the 
investigations of Siegfried^ on the combination of carbon dioxide by 
amphoteric amino bodies. Siegfried has found that amino acids com- 
bine with carbon dioxide, thereby being converted into carbamino- 

H 

I 

acids (glvcocoll) for example, into carbamino acetic acid CH 2 — N — COOH 

COOH 

and that the carbon dioxide can be readily split off from these compounds. 
The peptones and serum proteids in the presence of calcium hydroxide 
may also act in the same manner as amino acids. Proteid carbamino 
acids are formed, and the possibility of such a binding of carbon dioxide 
must also be considered. 

In the foregoing it has been assumed that the alkali is the most essen- 
tial and important constituent of the blood-serum, as well as of the blood 
in general, in uniting with the carbon dioxide. The fact that the quan- 
tity of carbon dioxide in the blood greatly diminishes with a decrease in 
the quantity of alkali ’ strengthens this assumption. Such a condition 
is found, for example, after poisoning with mineral acids. Thus Walter 
found only 2-3 vols. per cent carbon dioxide in the blood of rabbits into 
whose stomachs Iwdrochloric acid had been introduced. In the coma- 
tose state of diabetes mellitus the alkali of the blood seems to be in great 


^ Hoppe-Seyler, Med. chem, Xlntersiich. 
* Zeitschr, L physiol Chem., M and 46. 
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part saturated with acid combinations, ^-oxy butyric acid (Stabelmann, 
Minkowski), and Minkowski^ found only 3.3 vols. per cent carbon 
dioxide in the blood in diabetic coma. 

Gases of the Lymph and Secretions. 

The gases of the lymph are the same as in the blood-serum, and the 
lymph stands close to the blood-serum in regard to the quantity of the 
various gases, as well as to the kind of carbon-dioxide combination. The 
investigations of Daenhaedt and Hensen ^ on the gases of human lymph 
are at hand, but it still remains a question wdiether the lymph investi- 
gated was quite normal. The gases of normal dog-lymph were first inves- 
tigated by Hammaesten.^ These gases contained traces of oxygen and 
consisted of 37.4-53.1 per cent CO3 and 1.6 per cent N at 0° C. and 760 
mm. Hg pressure. About one half of the carbon dioxide was in firm 
chemical combination. The quantity was greater than in the serum 
from arterial blood, but smaller than from venous blood. 

The remarkable observation of Buchnee that the lymph collected 
after asphyxiation is poorer in carbon dioxide than that of the breathing 
animal is explained by Zuntz ^ by the formation of acid in the tissues, 
and especially in the lymphatic glands, immediately after death, and this 
acid decomposes the alkali carbonates of the lymph in part. 

The secretions with the exception of the saliva, in which Pfluger and 
Kulz found respectively 0.6 per cent and 1 per cent oxygen, are nearly 
free from oxygen. The quantity of nitrogen is the same as in blood, and 
the chief mass of the gases consists of carbon dioxide. The quantity of 
this gas is chiefly dependent upon the reaction, i.e., upon the quantity of 
alkali. This follows from the analyses of Pfluger. He found 19 per 
cent carbon dioxide removable by the air-pump and 54 per cent firmly 
combined carbon dioxide in a strongly alkaline bile, but, on the contrary, 
6.6 per cent carbon dioxide removable by the air-pump and 0.8 per cent 
firmly combined carbon dioxide in a neutral bile. Alkaline saliva is also 
very rich in carbon dioxide. As average for two analyses made by Pflu- 
ger of the submaxillary saliva of a dog we have 27.5 per cent carbon 
dioxide removable by the air-pump and 47.4 per cent chemically com- 
bined carbon dioxide, making a total of 74.9 per cent. Kulzl"' found a 
maximum of 65-78 per cent carbon dioxide for the parotid saliva, of 

1 Walter, Arch. f. exp. Path. u. Phann., 7 ; Stadeimann, 17; Minkowski, Mittheii 

a. d. med. Kiink in Ivonigsberg, 1888. 

2 Virchow^s Arch., 87. 

^ Ber. d. k. sachs. Gesellsch. d. Wissensch., math.-phys. Klasse, 28. 

* Buchner, Arbeiten aus der physiol. Anstalt zn Leipzig, 1876; Zuntz, L c., 85. 

®Pfl[,iiger, Pfluger’s Arch.,, 1 and 2; Ktilz, Zeitschr. f. Biologie, 28. It seems as if 
Kiilz's results were not calculated at 760 millimeters Hg, but rather at 1 meter. 
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whicli 3.31 per cent was removable by the air-pump and 62.47 per cent 
was firmly combined. From these and other statements on the quantity 
of carbon dioxide removable by the air-pump and chemically combined 
in the alkaline secretions it follow^s that bodies occur in them, although 
not in appreciable quantities, which are analogous to the proteid bodies 
of the blood-serum and which act like weak acids. 

The acid or at any rate non-alkaline secretions, urine and milk, con- 
tain, on the contrary, considerably less carbon dioxide, which is nearly 
all removable by the air-pump, and a part seems to be loosely combined 
with the sodium phosphate. The figures found by Pflugee for the 
total quantity of carbon dioxide in milk and urine are 10 and 18.1-19.7 
per cent respectively. 

Ewald ^ has made investigations on the quantity of gas in pathological 
transudates. He found only traces, or at least only very insignificant 
quantities of oxgyen in these fluids. The quantity of nitrogen was about 
the same as in blood; that of carbon dioxide was greater than in the 
lymph (of dogs) , and in certain cases even greater than in the blood after 
asphyxiation (dog's blood). The tension of the carbon dioxide wms 
greater than in venous blood. In exudates the quantity of carbon diox- 
ide, especially that firmly combined, increases with the age of the fluid, 
w^hile, on the contrary, the total quantity of carbon dioxide, and espe- 
cially the quantity firmly combined, decreases with the quantity of pus- 
corpuscles. 

IL The Exchange of Gas between the Blood on the One Hand 
and Pulmonary Air and the Tissues on the other. 

In the introduction (Chapter I, p. 3) it was stated that we are to-day of 
the opinion, derived especially from the researches of Pfluger and his 
pupils, that the oxidations of the animal body do not take place in the 
fluids and juices, but are connected with the form-elements and tissues. It 
is nevertheless true that oxidations take place in the blood, although only 
to a slight extent; but these oxidations depend, it seems, upon the form- 
elements of the blood, hence it does not contradict the above statement 
that the oxidations occur exclusively in the cells and chiefly in the tissues. 

The gaseous exchange in the tissues, which has been designated internal 
respiration, consists chiefly in that the oxygen passes from the blood in the 
capillaries to the tissues, while the great bulk of the carbon dioxide of the 
tissues originates therein and passes into the blood of the capillaries. The 
exchange of gas in the lungs, which is called external respiration, consists, 
as is seen by a comparison of the inspired and expired air, in the blood 
taking oxygen from the air in the lungs and giving off carbon dioxide. 


^ C. A. Ewald, Arch. f. (Anat. u.) Physiol., 1878 and 1876. 
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This does not exclude the fact that in the lungs, as in every other tissue, an 
internal respiration takes place, namely, a combustion with a consump- 
tion of oxygen and formation of carbon dioxide. According to Bohr and 
Henriques ^ the lungs take a very variable but always an important 
part in the total metabolism. This part which on an average is 33 per 
cent but may even rise above 60 per cent of the total metabolism depends 
according to these experimenters upon the fact that the intermediary meta- 
bolic products formed in the tissue are burnt in the lungs. It is also in 
part represented by secretory work of the. lungs. 

What kind of processes take part in this double exchange of gas? Is 
the gaseous exchange simply the result of an unequal tension of the blood 
on one side and the air in the lungs or tissues on the other? Do the gases 
pass from a place of higher pressure to one of a lower, according to the laws 
of diffusion, or are other forces and processes active? 

These questions are closely related to that of the tension of the oxygen 
and carbon dioxide in the blood and in the air of the lungs and tissues. 

Oxygen occurs in the blood in a disproportionately large part as oxy- 
hsemoglobin, and the law of the dissociation of oxyhsemoglobin is of funda- 
mental importance in the study of the tension of the oxygen in the blood. 

Attempts have been made to prove this law by investigations on a 
pure solution of hsemoglobin and Hufner ^ has made very careful and 
important determinations on such solutions. Recent investigations of 
Bohr ^ and his pupils, as well as of Loewy and Zuntz,** have shown that 
the conditions in the blood are different from a pure hemoglobin solution, 
which, in part, may be due to a change in the hemoglobin brought about 
in its preparation. A hemoglobin solution combines firmer with oxygen 
than the blood, and the dissociation tension of the oxygen is greater in 
blood than in a hemoglobin solution. If we graphically represent the 
influence of the oxygen pressure upon the power of the blood to take up 
oxygen by representing the oxygen tension as abscissa and the quantity 
of oxygen taken up as ordinate then the hsemoglobin solution shows a 
somewhat flatter oxygen tension curve than the blood. 

The oxygen tension may be variable, as Loewy ® has shown, with 
different individuals and, as Bohr, Hasselbalch, and Keogh ® have found, 
that besides this the CO 3 present also influences the oxygen taken up, in 
that as the carbon dioxide tension (also within physiological limits) 


^ Centralbl f. Physiol. 6 and Malyhs Jahresber, 27. 

^ Arch. f. (Anat. n.) Physiol., 1890 and 1894. 

^ See Nagel’s Handbuch and Krogh, Skand., Arch. f. Physiol., 16. 
^Arch. f. (Anat. u.) Physiol, 1904. 

5 Ibid. - ■ • 

^ Centralbl. f. Physiol 17 and Skand., Arch, f- Physiol, 16. 
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increases the oxygen taken up diminishes. The laws of oxygen absorption 
must be determined by determinations upon blood itself at the same time 
observing the temperature and the carbon dioxide tension. A series of 
determinations made by Krogh ^ upon horse’s blood at 38° and a constant 
carbon dioxide tension will be given below. In calculating the results in 
column 5 the quantity of oxygen chemically combined at 150 mm. oxygen 


pressure is equal to 100. 


In 100 cc. Blood 


Oxygen taken up 


Oxygen 
on in m.m 

Chemically 
combined 
* Oxygen 

Oxygen 
dissolved 
in plasma 

Per cent 
chemically 
combined 

Dissolved in 
100 cc, plasma 

10 

6.0 

0.020 

30.0 

0.030 

20 

12.9 

0.041 

64.7 

0.061 

30 

16.3 

0.061 

81.6 

0.091 

40 

18-1 

0.081 

90.4 

0.121 

50 

19.1 

0.101 

95.4 

0.152 

60 

19.5 

0.121 

97.6 

0.182 

70 

19.8 

0.141 

98.8 

0.212 

80 

19.9 

0.162 

99.5 

0.243 

90 

19.95 

0.182 

99.8 

0.273 

150 

20.00 

0.303 

100.0 

0.455 


From the above table we see that even with an oxygen tension 
which only amounts to one half of the oxygen pressure in the air that 
haemoglobin in greatest part is saturated with oxygen. The dissociation 
is hence at 70-80 mm. pressure only slightly more than with a pressure of 
150 mm. and indeed even with as low a pressure as 40-30 mm. still 90 
-80 per cent of the entire quantity of oxygen taken up chemically at 150 
mm. is combined with the haemoglobin. 

From these and other observations it follows that the oxygen partial 
pressure may sink to one half of that existing in the atmospheric air without 
markedly influencing the oxygen content of the blood. This coincides 
also with the experience of Frankel and Geppert ^ on the action of low 
air pressures upon the oxygen content of the blood of dogs. With an air 
pressure of 410 mm. Hg they found that the oxygen content of arterial 
blood was normal. With an air pressure of 378-365 mm. it was slightly 
diminished and only on reducing the pressure to 300 mm. was a mention- 
able decrease observed. A. Loewy^ has found that the lowest oxygen 
pressure of the alveolar air when the exchange of material can go on 
normally both qualitatively and quantitatively; is equal to 30 mm. Hg. 

It may be concluded from the large quantity of oxygen or oxyhsemo- 
globin in the arterial blood that the tension of the oxygen in the arterial 
blood must be relatively higher. From the investigations of several 


^ Skand. Arch, f. Physiol, 16. 

^ tfber die Wirknugen der verdriiiinten Lijft auf. den. Organismus. Berlin, 1883. 

®A. Loewy, Untersuch., iiber die Respiration und Zirculation etc., Berlin 1895; also 
Centralbl. f. Physiol, 13, 449 and Arch I (Anat. U.) Physiol, 1900^ 
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experimenters, such as P. Bert, Herter, and Hufner,^ who experi- 
mented partly on living animals and partly with hsernoglobin solutions, 
we may assume the tension of the oxygen in arterial blood at the tem- 
perature of the body to be equal to a partial oxygen pressure of TS-SO 
mm. Hg. 

According to Bohr ^ the facts are otherwise, and he has obtained 
remarkably higher results for the oxygen tension in arterial blood. 

He experimented on dogs allowing the blood, whose coagulation had been 
prevented by the injection of peptone solution or infusion of the leech, to flow 
from one bisected carotid to the other, or from the femoral artei\y to the femoral 
vein, through an apparatus called by him an hasmataerometer. The apparatus, 
which is a modification of Ludwig’s rheometer {stromuhr), allowed, according 
to Bohr, of a complete interchange between the gases of the blood circulating 
through the apparatus and a quantity of gas whose composition was known at 
the beginning of the experiment and enclosed in the apparatus. The mixture 
of gases was analyzed after an equalization of the gases by diffusion. In this 
way the tension of the oxygen and carbon dioxide in the circulating arterial blood 
was determined. During the experiment the composition of the inspired and 
expired air "was also determined, the number of inspirations noted, and the extent 
of respiratory exchange of gas measured. To be able to make a comparison 
between the gas tension in the blood and in an expired air whose composition was 
closer to the unknown composition of the alveolar air than the ordinary expired 
air, the composition of the expired air at the moment it passed the bifurcation of 
the trachea was ascertained by special calculation. The tension of the gases in 
this ^‘bifurcated air” could be compared with the tension of the gases of the blood, 
and in such a way that the comparison took place simultaneously. 

Bohr found remarkably high results for the oxygen tension in arterial 
blood in this series of experiments. They varied between 101 and 144 
mm. Hg pressure. In eight out of nine experiments on the breathing of 
atmospheric air, and in four out of five experiments on breathing air con- 
taining carbon dioxide, the oxygen tension in the arterial blood was higher 
than the “bifurcated air.’’ The greatest difference, w^here the oxygen 
tension was higher in the blood than in the air of the lungs, w-as 38 mm. Hg. 

HfipNER and Fredericq^ have made the objection to Bohr’s experi- 
ments and views that a perfect equilibrium had probably not been attained 
between the air in the apparatus and the gases of the blood. Fredericq, 
by new experiments, has presented strong objections to the acceptance- of 
Bohr’s findings, while on the other hand Bohr not only defends his experi- 
ments but also finds errors in the experiments of his opponents. On the 
other hand Haldane and Smith’s ^ experiments making use of an entirely 
different principle speak for the high results found by Bohr. 

^ Bert, La pression barometrique, Paris, 1878; Herter, Zeitschr. f. physiol. Ciiem., 
S; Htifner, L c. 

^ Skand. Arch. f. Physiol. 2 and Nagel's Handbuch. der Physiologie. 

Hiifner, Arch. f. (Anat. u.) Physiol. 1890; Fr4dericq, Centralbl. f, PhysioL 7 and 
Traveaux du laboratoire de Finstituto de physiologie de Liege 5, 1896. 

^Haldane, Joura. of Physiol., 18 ;, Haldane and Smith, tbid,^ 20. 
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Haldane method is as follows: The individual experimented upon is allowed 
to inspire air containing an exactly known but small quantity of carbon monoxide 
(0.045-0.06 per cent), until no further absorption of carbon monoxide takes place 
and the percentage saturation of the haemoglobin in the arterial blood with carbon 
monoxide has become constant, as shown by a special titration method. This 
percentage saturation is dependent upon the relation between the tension of the 
oxygen in the blood and the tension of the carbon monoxide, as known from the 
composition of the inspired air. When this last and the percentage saturation 
with carbon monoxide and oxygen are known the oxygen tension in the blood can 
be easily calculated. 

According to this method Haldane and Smith found still higher 
figures than Bohr for the oxygen tension in the blood, and they calculated 
the average tension of the oxygen in human arterial blood as 38.5 per cent 
of an atmosphere i.e., equal to about 293 mm. Hg. 

Let us now compare the figures for the oxygen tension of the arterial 
blood as found by various investigators with the tension of the oxygen in 
the air of the lungs. 

Numerous investigations as to the composition of the inspired atmos- 
pheric air as well as the expired air are at hand, and it can be said that 
these two kinds of air at 0° C. and a pressure of 760 mm, Hg have the fol- 
lowing average composition in volume per cent: 

Ovvo-Pn Nitrogen Carbon 

oxygen. sivgoii). Dioxide. 


Atmospheric air 20.96 79.02 0.03 

Expired air 16.03 79.59 4.38 


The partial pressure of the oxygen of the atmospheric air corresponds 
at a normal barometric pressure of 760 mm. to a pressure of 160 mm. Hg. 
The loss of oxygen which the inspired air suffers in respiration amounts to 
about 4.93 per cent, while the expired air contains about one hundred 
times as much carbon dioxide as the inspired air. 

The expired air is therefore a mixture of alveolar air with the residue 
of inspired air remaining in the air-passages; hence in the study of 'the 
gaseous exchange in the lungs the alveolar air must first be considered. 
There does not exist any direct determination of the composition of the 
alveolar air in man, but onl}^ approximate calculations. From the average 
results found by Vierordt in normal respiration for the carbon dioxide 
in the expired air, 4.63 per cent, Ztjntz^ has calculated the probable 
quantity of carbon dioxide in the alveolar air as equal to 5.44 per cent. 
If we start from this value, with the assumption that the quantity of nitro- 
gen in the alveolar air does not essentially differ from the expired air, and 
admit that the quantity of oxygen in the alveolar air is 6 per cent less 
than the inspired air, it will be seen that the alveolar air contains 15 per 
cent oxygen. As the total pressure of the air of the lungs after deducting 

^ See Zuntz 1. c, Heimann’s Haadbuch 105 and 106. 
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the aqueous tension of about 50 mm. can be calculated as about 710 mm. 
the partial pressure of the oxygen in man can be put at about 106 mm. 
and that of the carbon dioxide as about 45 mm. 

There are several direct determinations of the alveolar air of dogs by 
Pflugee and his pupils Wolppbekg and Nussbaum.^ These determina- 
tions which show that the alveolar air is not much richer in carbon dioxide 
than the expired air have been performed by means of the so-called hing- 
catheter. 

The principle of this method is as follows: By the introduction of a catheter 
of a special construction into a branch of a bronchus the corresponding lobe of 
the lung may be hermetically sealed, while in the other lobes of the same lung, and 
in the other lung, the ventilation remains unchanged, so that no accumulation 
of carbon dioxide takes place in the blood. When the cutting off lasts so long that 
a complete equalization between the gases of the blood and the retained air of 
the lungs is assumed, a sample of this air of the lungs is removed by means of 
the catheter and analyzed. 

In the air thus obtained from the lungs Wolfpberg and Nussbaum 
found an average of 3.6 per cent COg. Nussbaum has also determined the 
carbon-dioxide tension in the blood from the right heart in a case simul- 
taneous with the catheterization of the lungs. He found nearly identical 
results, namely, a carbon-dioxide tension of 3.84 per cent and 3.81 per cent 
of an atmosphere, which also shows that complete equalization betw^een 
the gases of the blood and lungs in the enclosed parts of the lungs had 
taken place. From these investigations it can be calculated that the 
quantity of oxygen in the alveolar air of dogs is about 16 per cent, which 
corresponds to an oxygen partial pressure of about 115 mm. Hg, 

If the oxygen partial pressure in the alveolii, is put at only 106-115 mm. 
Hg, and compare this with about 80 mm. as found by certain investigators 
for the oxygen tension of the arterial blood, we find that a considerable 
excess remains in favor of the alveolii, and the taking up of oxygen in the 
lungs can simply, according to physical laws, be explained as a diffusion 
process. The conditions are quite different if we start with the high- 
tension results of Bohr, 101-144 mm. Hg, or the still higher results of 
Haldane and Smith. The oxygen tension in the blood is in manf cases, 
according to Haldane and Smith, as average for various races of animals, 
indeed always higher than the tension in the lungs. In these cases the 
passage of oxygen from the lungs to the blood cannot be simply explained 
by a diffusion. We must therefore, with Bohr, accept a special specific 
activity of the lungs, and according to him a secretory activity of the 
lungs also exists besides diffusion. 

As the views on the taking up of oxygen are disputed so also are the 
views on; the giving up of carbon dioxide. 

^ Wolffberg, Pflliger’s Arch. 6; Nussbaum, ^*6^. 7. 
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The tension of the carbon dioxide in the blood has been determined in 
different ways by Pfluoer and his pupils, Wolffberg, Strassburg, and 
NuSSBAUM.d,, 

According to the aerotonometric method the blood is allowed to flow directly 
from the artery or vein through a glass tube which contains a gas mixture of a 
known composition. If the tension of the carbon dioxide in the blood is greater 
than the gas mixture, then the blood gives up carbon dioxide, while in the reverse 
case it takes up carbon dioxide from the gas mixture. The analysis of the gas 
mixture after passing the blood through it will also decide if the tension of the 
carbon dioxide in the blood is greater or less than in the gas mixture; and by a 
sufficiently great number of determinations, especially when the quantity of carbon 
dioxide of the gas mixture corresponds as nearly as possible in the beginning to 
the probtffiie tension of this gas in the blood, we may learn the tension of the 
carbon dioxide in the blood. 

According to this method the carbon-dioxide tension of the arterial 
blood is on an average 2.8 per cent of an atmosphere, corresponding to a 
pressure of 21 mm. mercury (Strassburg). In the blood from the pul- 
monary alveoli Nussbaum found a carbon-dioxide tension of 3.81 per cent 
of an atmosphere, corresponding to a pressure of 28.95 mm. mercury. 
Strassburg, wdio experimented in non-tracheotomized dogs in which the 
ventilation of the lungs was less active and therefore the carbon dioxide 
was removed from the blood with less readiness, found in the venous blood 
of the heart a carbon-dioxide tension of 5.4 per cent of an atmosphere, 
corresponding to a partial pressure of 41.01 mm. mercury. 

Another method is the catheterization of a lobe of the lungs (see page 
7 08) . In the air thus obtained from the lungs Nussbaum and W olffberg 
found an average of 3.6 per cent CG 2 . Nussbaum, as previously mentioned, 
has also determined the carbon-dioxide tension in the blood of the pul- 
monary alveoli in a case simultaneously with the catheterization of the 
lungs. He found nearly identical results, namely, a carbon-dioxide 
tension of 3.84 per cent and 3.81 per cent. 

According to these investigations the giving up of carbon dioxide may 
also be explained by physical laws; but Bohr, in his experiments above 
mentioned (page 706), has arrived at other results in regard to the carbon- 
dioxide tension. In eleven experiments with inhalation of atmospheric 
air the carbon-dioxide tension in the arterial blood varied from 0 to 38 
mm. Hg, and in five experiments with inhalation of air containing carbon 
dioxide, from 0.9 to 57.8 mm. Hg. A comparison of the carbon-dioxide 
tension in the blood with the bifurcated air gave in several cases a greater 
carbon-dioxide pressure in the air of the lungs than in the blood, and as 
maximum this difference amounted to 17*2 mm, in favor of the air of the 
lungs in the experiments with inhalation of atmospheric air. As the 
alveolar air is richer in carbon dioxide than the bifurcated air this experi- 

^ Wolffberg, PflugeBs Aroh.y6;- Strassburg, ibid,] Nussbaum, ibid., 7. 
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ment unquestionably proves, according to Bohe, that the carbon dioxide 
has migrated against the high pressure. 

In opposition to these investigations, FREDERieQ/ in his above-men- 
tioned experiments, obtained the same figures for the carbon-dioxide ten- 
sion in arterial peptone blood as Ppluger and his pupils found for norma! 
blood. Weisgerbee,^ in Fredericq^s laboratory, has made experiments 
with animals which respired air rich in carbon dioxide, and these experi- 
ments confirm Pfluger's theory of respiration. Recently Falloise has 
made determinations of the carbon-dioxide tension of venous blood by 
means of FREDERICQ^s aerotonometer. The carbon-dioxide tension was 
found to equal 6 per cent of an atmosphere, hence somewhat higher than 
the results found by Pfluger^s pupils. In opposition to these investiga- 
tions Bohr has presented strong objections; he has demonstrated the 
principles for the construction of the tonometer and according to him the 
older experiments with the tonometer are not conclusive as he claims that 
a complete equilibrium of the gas tension was not sufficiently accomplished. 

A certain importance has been ascribed to oxygen in regard to the 
elimination of carbon dioxide in the lungs, in that it has an expelling 
action on the carbon dioxide from its combinations in the blood. This 
statement, first made by Holmgren, has recently found an advocate 
in Werigo. Still Zuntz has presented very important objections to 
Werigo^s experiments, and Bohr^ has later also shown that we have no 
positive basis for the above assumption. 

The conditions as to the elimination of carbon dioxide in the lungs is 
also not quite clear, and from the above we see that in regard to the gas 
exchange in the lungs we have two opposed views. According to the 
older view suggested by the Ppluger school the exchange of gas follows 
the simple physical laws and is on the whole a diffusion process. Accord- 
ing to Bohr's view a diffusion does take place; but according to him the 
lung is a glahd which has the power of secreting gases, and the gas exchange 
in the lungs is essentially a secretory process. According to Hammarsten 
we cannot dispute the f^ct that the investigations made thus far speak 
very much in favor of Bohr 's view, and this latter also receives support 
in the detectable secretion of gases in certain animals. 

That a true secretion of gases occurs in animals follows from the composition 
and behavior of the gases in the swimming-bladder of fishes. These gases con- 
sist of oxygen and nitrogen with only small quantities of carbon dioxide. In, 
fishes which do not live at any great depth the . quantity of .oxygen is ordinarily 
as high as in the atmosphere, while fishes which live at great depths may, aecord- 

^ See footnote 3 page 706, 

^ Centralbh f. Physiol. 10, 482; Falloise, see Malyhs Jahresber, 32. 

® Holmgren. Wien Sitzungsber., 48 Werigo, PflUgePs AYch., 51 and 52; Zuntz, 

52; Bohn, see NageFs Handbuoh der , PHysiologie, 
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ing to Biot and others, contain considerably more oxygen and even above SO per 
cent. Moreau has also found that after emptying the swimming-bladder by 
means of a trocar new air collected after a time, and this air was richer in oxygen 
than the atmospheric air and contained even 85 per cent oxygen. Bohr, who 
has proved and confirmed these statements, also found that this collection is under 
the influence of the nervous system, because on the section of certain branches 
of the pneumogastric nerve it is discontinued. It is beyond dispute that there is 
here a secretion and not a diffusion of oxygen. Recently Jaeger ^ has given a 
further explanation as to the secretory activity of the swimming-bladder. 

From what has been said above (page 703) in regard to the internal 
respiration, one can conclude that it consists chiefly in that in the capil- 
laries the oxygen passes from the blood into the tissues, while the carbon 
dioxide passes from the tissues into the blood. 

The assertion of Estor and Saint Pierre that the quantity of oxygen 
in the blood of the arteries decreases with the remoteness from the heart 
has been shown to be incorrect by Pfluger,^ and the oxygen tension in the 
blood on entering the capillaries must be higher. The oxygen tension of 
the plasma is of importance for the giving up of oxygen to the tissues as 
the blood corpuscles only contain a supply of oxygen, which, as the tissue 
removes oxygen from the plasma, replaces this again. This quantity of 
oxygen which is dissolved in the plasma and at the disposal of the tissues 
is dependent upon the oxygen tension in the blood and only indirectly 
dependent upon the total quantity of oxygen in the blood. As this tissue 
is nearly or entirely free from oxygen a considerable difference in regard 
to the oxygen pressure must exist between the blood and the tissues. 
The possibility that this difference in pressure is sufficient to supply the 
tissues with the necessary quantity of oxygen is hardly to be doubted. 

The animal body it seems also has the command over means of regu- 
lating and varying the oxygen tension, and such a means is the carbon 
dioxide produced in the tissue which, according to Bohr, Hasselbach, 
and Krogh,® raises the oxygen tension. Another regulating moment is, 
according to Bohr, the specific oxygen capacity of the blood which means 
the relationship of the maximum oxygen combination to the quantity of 
iron of the blood or the hemoglobin solution. 

As the hsemoglobin obtained from different blood portions does not, according 
to Bohr, always take up the same quantity of oxygen for each gram, so the 
hemoglobin within the blood-corpuscle may show a similar behavior. He calls 
the quantity of oxygen (measured at 0^ C. and 760 mm. Pig which is taken up 
by«l gram of hsemoglobin of the blood at 15^ C. and an oxygen pressure of 150 mm. 
the specific oxygen capacity ^ This quantity, he claims, may be different not only 

^ Biot, see Hermann's Handbuch d. Physiol., 4, Thl. 2, 151 ; Moreau, Compt. rend., 
57; Bohr, Joum. of Physiol., 15. See also Htifner, Arch. f. (Anat. u.) Physiol., 1892; 
Jaeger, Pfliiger’s Arch., 94. , / 

^ Estor and Saint Pierre with Pfiuger in Pfliiger’s Arch. 1. 

®L. c. ^ , ■■ 'N ■ 

^Centralbl. f. Physiol. 4 and NagePs Handbuch. 
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in different individuals, but also in the different vascular systems of the same 
animal, and it may also be changed experimentally by bleeding, breathing air 
deficient in oxygen, or poisoning. It is now evident that one and the same (luan- 
tity of oxygen in the blood, other things being equal, must have a different ten- 
sion according as the specific oxygen capacity is greater or smaller. The tension 
of the oxygen, Bonn says, may be changed without changing the quantity of 
ox 3 ^gen, and the animal body must, according to him, have means of varying the 
tension of the oxygen in the tissues in a short time without changing the quantity 
of oxygen contained in the blood. The great importance of such a propert}’' of 
the tissues for respiration is evident; but it is perhaps too early to give a positive 
opinion on Bohb^s statements and experiments. 

In regard to the carbon-dioxide tension in the tissue it must be assumed 
a priori that it is higher than in the blood. This is found to be true. 
Strassburg ^ found in the urine of dogs and in the bile a carbon-dioxide 
tension of ^9 per cent and 7 per cent of an atmosphere, respectivel 3 \ The 
same experimenter has, further, injected atmospheric air into a ligatured 
portion of the intestine of a living dog and analyzed the air taken out after 
some time. He found a carbon-dioxide tension of 7.7 per cent of an atmos- 
sphere. The carbon-dioxide tension in the tissues is considerably greater 
than in the venous blood, and there is no opposition to the view that the 
carbon dioxide simply diffuses from the tissues into the blood according to 
the laws of diffusion. 

Several methods have been suggested for the study of the quantitative 
relationship of the respiratory exchange of gas. The reader must be 
referred to other text-books for more details as to these methods, and we 
will here only mention the chief features of the most important methods. 

Regxault and Reiset^s Method, According to this method the animal or 
person experimented upon is allowed to respire in an enclosed space. The carbozi 
dioxide is removed from the air, as it forms, by strong caustic alkali, from which 
the quantity may be determined, while the oxygen is replaced continually by 
exactly measured quantities. This method, which also makes possible a direct 
determination of the oxygen used as well as the carbon dioxide produced, has since 
been modified by other investigators, such as Pfluger and his pupils, Seegen 
and Nowak, and Hoppe-Seyler, Rosenthal, and Zuntz.^ 

Pettenkoper^s Method. According to this method the individual to be 
experimented upon breathes in a room through which a current of atmosplzeric 
air is passed. The quantity of air passed through is carefully measured. As it 
is impossible to analyze all the air made to pass through the chamber, a small 
fraction of this air is diverted into ,a branch line during the entire experiment, 
carefully measui-ed, and the quantity of carbon dioxide and water determined. 
From the composition of this air the quantity of water and carbon doxide con- 
tained in the large quantity of air made to pass through the chamber can be 
calculated. The consumption of oxygen cannot be directly determined in this 
method, but may be calculated indirectly by difference, which is a defect in this 


^ Pfliiger’s Arch. 0. 

2 See Zuntz in Hermann's Handbuch, 4, Thl 2, and Hoppe-Seyler, Zeitschr. f . 
physiol. Chem., W; Rosenthal, Arch. f. (Anat. u.) Physiol, 1902; Zuntz, Verhandl d. 
BerL physiol Gesellsch., 1901. . 
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method. The large respiration apparatus of Sondmn and Tigbrstedt as well as 
of Atwater and Rosa ^ are based upon this principle. 

Speck^s Method} For briefer experiments on man Speck has used the follow- 
ing: He breathes into two spirometer-receivers, on which the gas-volume can be 
read off very accurately, through a mouthpiece with two valves, closing the nose 
with a clamp. The air from one of the spirometers is inhaled through one valve 
and the expired air passes through the other into the other spirometer. - By means 
of a rubber tube connected with the expiration-tube an accurately measured part 
of the expired air may be passed into an absorption-tube and analyzed. 

ZuNTZ and Geppert’s Method} This method, which has been improved by 
ZuNTZ and his pupils from time to time, consists in the following: The individual 
being experimented upon inspires pure atmospheric air through a very wide feed- 
pipe leading from the open air, the inspired and the expired air being separated by 
two valves (human subjects breathe with closed nose by means of a soft-rubber 
mouthpiece, animals through an air-tight tracheal canula). The volume of the 
expired air is measured by a gas-meter and an aliquot part of this air collected and 
the quantity of carbon dioxide and oxygen determined. As the composition of the 
atmospheric air can be considered as constant within a certain limit, the production 
of carbon dioxide as well as the consumption of oxygen may be readily calculated 
(see the works of Zuntz and his pupils). 

Hanriot and RichetA iif b is characterized by its simplicity. These 
investigators allow the total air to pass through three gasometers, one after the 
other. The first measures the inspired air, whose composition is known. The 
second gasometer measures the expired air, and the third the quantity of the 
expired air after the carbon dioxide has been removed by a suitable apparatus. 
The quantity of carbon dioxide produced and the oxygen consumed can be readily 
calculated from these data. 


APPENDIX. 

The Lungs and their Expectorations. 

Besides proteid bodies and the albuminoids of the connective-substance 
group, lecithin ytaurim (especially in ox-lungs), unc acid^ and inosite have 
been found in the lungs. Poulet ® claims to have found a special acid, 
which he has called pulmotartaric acidj in the lung-tissue. Glycogen 
occurs abundantly in the embryonic lung, but is absent in the adult organ. 
The proteolytic enzymes also belong to the physiological constituents of 
the lungs. They are active in the autolysis of the lungs (Jacoby) as well 
as in the solution of pneumonic infiltrations (Fr. Muller^). 

^ PettenkofeFs method; see Zuntz, 1. c.; Sonden and Tigerstedt, Skand. Arch. f. 
Physiol., 6; Atwater and Rosa, Bull, of Dept, of Agriculture, 63. Washington. 

2 Speck, Physiologie des menschlichen Atmens. Leipzig, 1892. 

^ PffugeFs Arch., 42. See also Magnus-Levyin Pfliiger^s Arch., 55, 10, in which the 
work of Zuntz and his pupils is cited. 

^ Compt. rend., 104. , 

® Cited from Maly's Jahresber., 18, 248. 

® Jacoby, Zeitschr. f. physiol. Chem., 33; Muller, Verhandi. d, Kongress. f. inn. 
Medizin, 1902. , ; . , 



714 


CHEMISTRY OF RESPIRATION. 


The black or dark-brown pigment in the lungs of human beings and domestic 
animals consists chiefly of carbon, which originates from the soot in the air. The 
pigment may in part also consist of melanin. Besides carbon, other bodies, such 
as iron oxide, silicic acid, and clay, may be deposited in the lungs, being inhaled 
■as dust. 

Among the bodies found in the lungs under pathological conditions 
must be specially mentioned proteoses (and peptones?) in pneumonia and 
suppuration, glycogen, a slightly dextrorotatory carbohydrate differing 
from glycogen found by Poxjchet in consumptives, and finally also cellu- 
lose, which, according to Freund,^ occurs in the lungs, blood, and pus of 
persons with tuberculosis. 

C. W. Schmidt found in 1000 grams of mineral bodies from the normal 
human lung the following: NaCl 130, K3O 13, NaoO 195, CaO 19, MgO 19, 
FegOg 32, P2O5 485, SO3 8, and sand 134 grams. According to Oidtmann ^ 
the lungs of a 14-day old child contained 793.05 p. m. water, 198.19 p. m. 
organic bodies, and 5.76 p. m. inorganic bodies. 

The sputum is a mixture of the mucous secretion of the respiratory 
passages, of saliva and buccal mucus. Because of this its composition is 
very variable, especially under pathological conditions when various pro- 
ducts mix with it. The chemical constituents are, besides the mineral 
substances, chiefly mucin with a little proteid and nuclein substance. 
Under pathological conditions proteoses and peptone (?), which are prob- 
ably produced by bacterial action or by autolysis (Wanner, Simon®), 
volatile fatty acids, glycogen, Charcot's crystals, and also crystals of 
cholesterin, hsematoidin, tyrosine, fat and fatty acids, triple phosphates, 
etc., have been found. 

The form constituents are, under physiological circumstances, epithe- 
iium-cells of various kinds, leucocytes, sometimes also red blood-corpuscles 
and various kinds of fungi. In pathological conditions elastic fibres, 
spiral formations consisting of a mucin-like substance, fibrin coagulum, 
pus, pathogenic microbes of various kinds, and the above-mentioned 
crystals occur. 


^ Pouchet, Compt. rend., 96; Freund, cited from Maly's Jahresber, 16, 471. 

V ^Schmidt, cited from v. Gorup-Besanez, Lehrbuch, 4. Aufi., 727; Oidtmann, ibid.^ 
732. 

® Wanner, Beutsch. Arch. f. klin. Med.. 75; Simon, Arch, f. exp. Path. u. Pharm., 49* 


CHAPTER XVIII. 


METABOLISM WITH VARIOUS FOODS, AND THEIR NECESSITY 

TO MAN. 

The conversion of chemical energy into heat and mechanical work 
which characterizes animal life, leads, as previously stated in Chapter I, 
to the formation of relatively simple compounds — carbon dioxide, urea, 
etc. — which leave the organism, and which, moreover, being very poor in 
energy, are for this reason of little or no value for the body. It is there- 
fore absolutely necessary for the continuance of life and the normal course 
of the functions of the body that the organism and its different tissues 
should be supplied with new material to replace that which has been 
exhausted. This is accomplished by means of food. Those bodies are * 
designated as food which have no injurious action upon the organism and 
which serve as a source of energy and can replace those constituents of 
the body that have been consumed in metabolism or that can prevent or 
diminish the consumption of such constituents. 

Among the numerous dissimilar substances which man and animals 
take with the food all cannot be equally necessary or have the same value. 
Some perhaps are unnecessary, while others may be indispensable. We 
have learned by direct observation and a wide experience that besides the 
oxygen, which is necessary for oxidation, the essential foods for animals in 
general, and for man especially, are water, mineral bodies, proteins, carbo- 
hydrates, and fats. 

It is also apparent that the various groups of foodstuffs necessary for 
the tissues and organs must be of varying importance; thus, for instance, 
water and the mineral bodies have another value than the organic foods, 
and these again must differ in importance among themselves. The knowi- 
edge of the action of various nutritive bodies on the exchange of material 
from a qualitative as w^ell as a quantitative point of view must be of 
fundamental importance in determining the value of different nutritive 
substances relative to the demands of the body for food under various con- 
ditions, and also in deciding many qther questions — for instance, the 
proper nutrition for an individual in health and in disease. . 

Such knowledge can only be attained by a series of systematic and 
thorough observations, in which the quantity of nutritive material, relative 
, '' ' 
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to the weight of the body, taken and absorbed in a given time is compared 
with the quantity of final metabolic products which leave the organism at 
the same time. Researches of this kind have been made by several investi- 
gators, but above all should be mentioned those made by Bischoff and 
VoiT, by Pettenkopee and Voit, and by Voit and his pupils, by Ru bxer 
and by Atwater. 

It is absolutely necessary in researches on the exchange of material to 
be able to collect, analyze, and quantitatively estimate the excreta of the 
organism, so that they may be compared with the quantity and composition 
of the nutritive bodies ingested. In the first place, one must know what 
the habitual excreta of the body are and in what way these bodies leave the 
organism. One must also have trustworthy methods for the quantitative 
estimation of the same. 

The organism may, under physiological conditions, be exposed to 
accidental or periodic losses of valuable material — such losses as 
only occur in certain individuals, or in the same individual only at a 
certain period; for instance, the secretion of milk, the production of 
eggs, the ejection of semen or menstrual blood. It is therefore apparent 
that these losses can be the subject of investigation and estimation only 
in special cases. 

The regular and constant excreta of the organism are of the very 
greatest importance in the study of metabolism. To these belong, in the 
first place, the true final metabolic products — carbon dioxide, urea (uric 
acid, hippuric acid, creatinine, and other urinary constituents), and a part 
of the water. The remainder of the water, the mineral bodies, and those 
secretions or tissue constituents — mucus, digestive fluids, sebum, perspira- 
tion, and epidermal formations — which are either poured into the intestinal 
tract, or secreted from the surface of the body, or broken off and thereby 
lost to the body, also belong to the constant excreta. 

The remains of food, sometimes indigestible, sometimes digestible but not acted 
upon, which are contained in the faeces, and which vary considerably in quantity 
and composition with the nature of the food, also belong to the excreta of the 
organism. Even though these remains, which are never absorbed and therefore are 
never constituents of the animal fluids or tissues, cannot be considered as excreta 
of the body in a strict sense, still their quantitative estimation is absolutely neces- 
sary in certain experiments on the exchange of material 

The determination of the constant loss is in some cases accompanied with the 
greatest difficulties. The loss from the detached epidermis, from the secretion of 
the sebaceous glands, etc,, cannot be determined with exactness without difficulty, 
and therefore — as they do not occasion any appreciable loss because of their snudl 
quantity — they need not be considered in quantitative experiments on metabolism. 
This also applies to the constituents of the mucus, bile, pancreatic and intestinal 
juices, etc., occurring in the contents of the intestine, and which, leaving the body 
with the faeces, cannot be separated from the other contents of the intestine and 
therefore cannot be quantitatively determined separately. The uncertainty which 
because of the intimated difficulties,, attaches itself to the results of the experiment. 
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is very small as compared to the variation which is caused by different individu- 
alities^ different modes of living, different foods, etc. No general but only approxi- 
mate values can therefore be given for the constant excreta of the human body. 

The following figures represent the quantity of excreta for twenty-four 
hours from a grown man, weighing 60-70 kilos, on a mixed diet. The 
numbers are compiled from the results of different investigators. 


G-rams. 

Water , 2500-3500 

Salts (with the urine) 20-30 

Carbon dioxide 750-900 

Urea ... . ... ... . . . . 20-40 

Other nitrogenous urinary constituents ..... ... , . . . 2-5 

Solids in the excrements . . . . . . ... . . . 20-^50 


These total excreta are approximately divided among the various 
excretions in the following way; but still it must not be forgotten that 
this division may vary to a great extent under various external circum- 
stances: by respiration about 32 per cent, by the evaporation from the 
skin 17 per cent, with the urine 46-47 per cent, and with the excrements 
5-9 per cent. The elimination by the skin and lungs, which is sometimes 
differentiated by the name perspiratio insensihilis^’ horn visible 
elimination by the kidneys and intestine, is on an average about 50 per 
cent of the total elimination. This proportion, quoted only relatively, 
is subject to considerable variation, because of the great difference in 
the loss of water through the skin and kidneys under different circum- 
stances. 

The nitrogenous constituents of the excretions consist chiefly of urea, 
or uric acid in certain animals, and the other nitrogenous urinary con- 
stituents. A disproportionately large part of the nitrogen leaves the body 
with the urine, and, as the nitrogenous constituents of this excretion are 
final products of the metabolism of proteins in the organism, the quantity 
of proteins catabolized in the body may be easily calculated by multiplying 
the quantity of nitrogen in the urine by the coefficient 6.25 (VV=^*25), 
if it is admitted that the proteins contain in round numbers 16 per cant 
of nitrogen. 

Still another question is whether the nitrogen leaves the body only with 
the urine or by other channels. The latter is habitually the case. The dis- 
ciiarges from the intestine always contain some nitrogen, which as stated 
in Chapter IX consists in part of non-absorbed remnants of the food, but 
in chief part and sometimes entirely of constituents of the epithelium and 
the secretions. Under these circumstances it is apparent that one cannot 
give any exact figures which are yalid for all cases for that part of the 
nitrogen of the excrements which originates from the digestive tract and 
from the digestive fluids. It may not only vary in different individuals, 
but also in the same individual after more or less active secretion and 
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absorption. In the attempts made to determine this part of the nitrogen 
of the excrements it has been found that in mail; on non-nitrogenous or 
nearly nitrogemfree food, it amounts in round numbers to somewhat less 
than 1 gram per twenty-four hours (Rieder, Rubner). Even with such 
food the absolute quantity of nitrogen eliminated by the faeces increases 
with the quantity of food because of the accelerated digestion (Tsuboi h) 
and is greater than in starvation. Muller ^ found in his observations on 
the faster Cetti that only 0.2 gram nitrogen was derived from the intes- 
tinal canal. 

The quantity of nitrogen which leaves the body under normal circum- 
stances by means of the hair and nails, with the scaling off of the skin, and 
with. the perspiration cannot be accurately determined. It is nevertlie- 
less so small that it may be ignored. Only in profuse sweating need the 
elimination by this channel be taken into consideration. 

The view w^as formerly held that in man and carnivora an elimination 
of gaseous nitrogen took place through the skin and lungs, and because of 
this, on comparing the nitrogen of the food with that of the urine and 
fseces, a nitrogen deficit occurred in the visible elimination. 

This question has been the subject of much discussion and of numerous 
investigations.^ These investigations have shown that the above assump- 
tion is unfounded, and moreover several investigators, especially Petten- 
KOFER and VoiT, and Gruber,^ have shown by experiments on man and 
animals that with the proper quantity and quality of food the body can 
be brought into nitrogenous equilibrium, in which the quantity of nitrogen 
voided with the urine and fseces is equal or nearly equal to the quantity 
contained in the food. Undoubtedly we must admit with Voit that a 
deficit of nitrogen does not exist, or it is so insignificant that in 
experiments upon metabolism it need not be considered. Ordinarily, 
in investigations on the catabolism of proteins in the body, it is 
only^ necessary to consider the nitrogen of the urine and fseces, but 
it must be remarked that the nitrogen of the urine is a measure 
of the extent of the catabolism of the proteins in the body, while the 
nitrogen of the faeces (after deducting about 1 gram on a mixed diet) is 
a measure of the non-absorbed part of the nitrogen of the food. The 
nitrogen of the food, as well as of the excreta, is generally determined 
by KJEL■DAHL^s method. 

^ Rieder, Zeitschr. f. Biologie, 20; Rubner, ibid., hi; Tsuboi, Ml, S^i» 

^ Berlin. Idin. Wochenschr., 1887. 

® See Regnault and Reiset, Anna!, d, chim, et. phys. (3), 26, and AnnaL d. Ohem. 
u. Phama., 7.^: Seegen and Nowak, Wien. Sitzungsber., 71, and Pfitiger's Arch., 25; 
Pettenkofer and Voit, Zeitschr. f. Biologie/ 16; Leo, Pfiuger\s Arch., 26. 

^Pettenkofer and Voit, in Hermann^ Handbuch, 6, ThL 1; Gruber, Zeitschr. f, 
Biologie, M and 19. 
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In the oxidation of the proteins in the organism their sulphur ia oxidized 
into sulphmic acid, and on this depends the fact that the elimination of 
sulphuric acid by the urine, which in man is only to a small extent derived 
from the sulphates of the food, makes nearly equal variations with the 
elimination of nitrogen by the urine. If the amount of nitrogen and sul- 
phur in the proteins is considered as 16 per cent and I per cent respectively, 
then the proportion between the nitrogen of the proteins and the sulphuric 
acid, H3SO4, produced by their combustion is in the ratio 5.2:1, or about 
the same as in the urine (see page 622 ). The determination of the quantity 
of sulphuric acid eliminated in the urine gives us an important means of 
controlling the extent of the transformation of proteins, and such a control 
is especially important in cases in which it is expected to study the action 
of certain nitrogenous non-albuminous bodies on the metabolism of pro- 
teins. A determination of the nitrogen alone is not sufficient in such 
cases. A perfectly positive measure of the protein catabolism cannot be 
made from the sulphuric acid of the urine, as the various protein sub- 
stances have a rather variable sulphur content, and on the other hand 
also a variable quantity of the sulphur in the urine exists as so-called 
neutral sulphur. 

In metabolism experiments the total sulphur of the urine as well as 
the faeces must be determined. The sulphur of the catabolized proteins 
is quicker eliminated, according to v. Wendt, than the nitrogen, and this 
behavior of sulphur gives a more positive picture of the temporal cata- 
bolism of protein than the nitrogen. This is all the more important as 
according to Falta^ not only does the nitrogen corresponding to a certain 
amount of protein require several days for elimination but also the chief 
quantity of this nitrogen in man after taking different kinds of proteins 
is eliminated with varying rapidity. 

Besides lecithins and other phosphatides the body takes with its food 
pseudonucleins as well as true nucleins and these are absorbed more or 
less completely from the intestinal tract and then assimilated (Gumlich, 
Sandmeyer, Marcuse, Rohmann, and Steinitz, Loewi, ^ and others). 
On the other hand, the phosphorized protein substances, lecithins and 
phosphatides, are also decomposed within the body, and their phosphorus 
is chiefly eliminated as phosphoric acid and also in part as organic phos- 

^ V. Wendt, Skand. Arch. f. Physiol., 17 ; Palta, Deutsch. Arch. f. kiln. Med. 86. 

^ In regard to the investigations on the metabolism of phosphorus and the methods 
used therein, see Steinitz, PfiugeFs Arch,, 72; Zadxk, ibid., 77; Leipziger, ihid.f 78; 
Oertel Zeitschr. f. physiol. Chem., 26; Mandel and Oertel, Bull. Med. Sciences, N. Y. 
Univ., 1, and Ehrlich, Inaug.-Diss., Breslau,, 1900; Loewi, Arch. f. exp. Path. u. Pharm,, 
45. On the absorption of casein, see Poda, Prausnitz, Micko, and P. Miiller, Zeitschr. f. 
Biologic, S9. The literature on the phosphorus metabolism can be found in Albu and 
Neuberg, Physiol, u, Pathol, des Mineralstoffwechseis, Berlin, 1906, 
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phorus (see page 619). For these reasons the phosphorus is of great 
importance in certain investigations on metabolism. 

If it is found, on comparing the nitrogen of the food with that of the 
urine and fseces, that there is an excess of the first, this means that the 
body has increased its stock of nitrogenous substances — proteins. If, on 
the contrary, the urine and fseces contain more nitrogen than the food 
taken at the same time, this denotes that the body is giving up part of its 
nitrogen — that is, a part of its own proteins has been decomposed. We 
can, from the quantity of nitrogen, as above stated, calculate the corres- 
ponding quantity of proteins by multiplying by 6.25.^ Usually, according 
to VoiT^s proposition, the nitrogen of the urine is not calculated as decom- 
posed proteins, but as decomposed muscle-substance or flesh. Lean meat 
contains on an average about 3.4 per cent nitrogen; hence each gram of 
nitrogen of the urine corresponds in round numbers to about 30 grams of 
flesh. The assumption that lean meat contains 3.4 per cent nitrogen is 
arbitrary, and the relationship of N: C in the proteins of dried meat, whicli 
is of great importance in certain experiments on metabolism, is given 
differently by various experimenters, namely, 1: 3.22 — 1: 3.68. Argutin- 
SKY found in beef, after complete removal of fat and subtraction of glycogen, 
that the relationship was 1:3.24 (see Chapter XI). 

The carbon leaves the body chiefly as carbon dioxide, which is elimi • 
nated by the lungs and skin. The remainder of the carbon is excreted in 
the urine and faeces in the form of organic compounds, in which the quan » 
tity of carbon can be determined by elementary analysis. It used to b-i 
considered sufiicient to calculate the quantity of carbon in the urine from 
the quantity of nitrogen according to the relationship N: C== 1: 0.67. Thbi, 
does not seem to be trustworthy, as this relationship varies and depend 
according to Tangl and Pflugbr, Langstein, and Stexnitz,- upon tl e 
kind of food. Tangl has shown that the richer the food is in carbohydrates 
the more carbon and heat of combustion per gram of nitrogen does the 
urine contain. He found the following for 1 gram of nitrogen in the 
urine: With diet rich in fat 0.747 gram C and 9.22 Calories; for carbo- 
hydrate-rich diet he found 0.963 gram C and 11.67 Calories. 

The quantity of gaseous carbon dioxide eliminated may be determined 
by means of Pettenkoper^s respiration apparatus or by other methods. 
By multiplying the quantity of carbon dioxide found by 0.273 one obtains 
the quantity of carbon eliminated as CO^, If the total quantity of carbon 
eliminated in various ways is compared with the carbon contained in the 

^ In calculating the protein catabolism from the nitrogen of the urine it must not 
be foigotten that tile food often contains, nitrogenous extractions whose nitrogen cannot 
foe calculated as protein and for which a' special correction must be made, if necessary. 

f Tangl, Arch. f. (Anat. u.).PhyMol',l'S99;’ SupplbdU; Pflugerin^FfiagePs Arch., ‘7i; 
Langstein and SteMtsi, 
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food some idea can be obtained as to the transformation of the carbon 
coinpoimds. If the quantity of carbon in the food is greater than in the 
excreta, then the excess is deposited; while if the reverse be the case it 
shows a corresponding loss of body substance. 

The nature of the substances here deposited or lost, whether they con- 
sist of proteins, fats, or carbohydrates, is learned from the total quantity 
of tlie nitrogen of the excretions. The corresponding quantity of proteins 
may be calcuiated from the quantity of nitrogen, and, as the average 
quantity of carbon in the proteins is known, the quantity of carbon which 
corresponds to the decomposed proteins may be easily ascertained. If 
the quantity of carbon thus found is smaller than the quantity of the total 
carbon in the excreta, it is then obvious that some other nitrogen-free sub- 
stance has been consumed besides the proteins. If the quantity of carbon 
in the i)roteins is considered in round numbers as 53 per cent/ then the 
relation between carbon (53) and nitrogen (16) is as 3.3 : 1. If the total 
quantity of nitrogen eliminated is multiplied by 3.3, the excess of carbon 
in the eliminations over the product found represents the carbon of the 
decomposed non-nitrogenous compounds. For instance, in the case of a 
person experimented upon, 10 grams of nitrogen and 200 grams of carbon 
were eliminated in the course of 24 hours; then these 62.5 grams of protein 
correspond to 33 grams of carbon, and the difference, 200— (3.3 X 10) = 167, 
represents the quantity of carbon in the decomposed non-nitrogenous com- 
pounds. If we start from the simplest case, starvation, where the body 
lives at the expense of its own substance, then, since the quantity of 
carbohydrates as compared with the fats of the bod}^ is extremely small, 
in such cases in order to avoid mistakes the assumption must be made 
that the person experimented upon has used only fat and proteins. As 
animal fat contains on an average 76.5 per cent carbon, the quantity of 

transformed fat mav be calculated by multiplying the carbon by = 1.3. 

/6.5 

In the case of the above example, the person experimented upon would 
have used 62.5 grams of proteins and 167X1.3 = 217 grams of fat of his 
own body in the course of the twenty-four hours. 

Starting from the nitrogen balance, it can be calculated in the same 
way whether an excess of carbon in the food as compared with the quantity 
of carbon in the excreta is retained by the body as proteins or fat or as 
both. On the other hand, with an excess of carbon in the excreta one can 
determine how much of the loss of the substance of the body is due to a 
consumption of the proteins or of fat or. of both. 

The quantity of water and mineral bodies voided -with the urine and 
faoces can easily be determined. . The quantity of water eliminated by the 

^This figure is perhaps a, little too liigh. . 
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skin and lungs may be directly estimated by means of Pettenkopeh^s 
apparatus. The quantity of oxygen taken up is calculated as the d iffereiice 
between the weight of the individual before the experiment plus ail the 
directly determined substances ingested; and the final weight ol the indi- 
vidual plus all his excreta. 

The oxygen may also be determined directly, according to Regnault- 
Reiset's method, or in other ways, and such a determination A\itli tiie 
simultaneous estimation of the carbon dioxide eliminated is of great 
importance in the study of metabolism.^ 

On comparing the inspired and the expired air we learn, on measuring 
them when dry and at the same temperature and pressure, that the volume 
of the expired air is less than that of the inspired air. This depends upon 
the fact that not all of the oxygen appears again in the expired air as car- 
bon dioxide, because it is not only used in the oxidation of carbon, but 
also in part in the formation of water, sulphuric acid, and other bodies. 
The volume of expired carbon dioxide is regularly less than the volume of 

'■ ■ ■ CO ' ' "• '' 

the inspired oxygen, and the relation which is called the respiratory 
quotient^ is generally less than 1. 

The magnitude of the respiratory quotient is dependent upon the kind 
of substances destroyed in the body. In the combustion of pure carbon 
one volume of oxygen yields one volume of carbon dioxide, and the quo- 
tient is therefore equal to 1. The same is true in the burning of carbo- 
hydrates, and in the exclusive decomposition of carbohydrates in the 
animal body the respiratory quotient must be approximately 1. In the 
exclusive metabolism of proteins it is close to O.SO, and with the decompo- 
sition of fat it is 0.7. In starvation, as the animal draws on its own flesh 
and fat, the respiratory quotient must be a close approach to the latter 
figure. The respiratory quotient therefore gives important data on the 
quality of the material decomposed in the body, naturally with the suppo- 
sition that the elimination of carbon dioxide, independent of the formation 
of carbon dioxide, is not influenced by special conditions, such as the 
alteration of the respiratory mechanism. 

It is also possible in systematized experimentation to carry on the 
metabolism experiments so that the decomposable material of the I:}ody, 
as shown by the respiratory quotient, remains qualitatively the same, at 


^ In regard to the methods for estimating the carbon-dioxide excretion and the oxy- 
gen consumption, see Zuntz, HeI•mann^s Handbuch d. Physiol, 4, TL 2; Hoppe-Seyler, 
Zeitschr. f. physiol. Chem., 19; Spnd^n and Tigerstedt, Skand. Arch, f. Physiol, 6; 
Speck, Physiol, des menschl Atmens; Leipzig, 1892; Zuntss and Geppert, PfliigePs 
Arch., 42; Magnus-Levy, 55, :I0, where the works of Zuntz and his pupils are 
cited; Hanriot et Richet, Compt: mpd,, 104,. and Atwater, Bull of Dept, of Agric., 
''tyMhmgton, Nos. 44, A-'/'’ 


CALORIFIC VALUES' FROM OXYGEN ■CONSUMPTION'.:;.: 


least for a short time. Ib such experiments it has been shown^ especially 
by ZuNTz and his pupils/ that the extent of oxygen consumption may 
be taken as a measure for the action of different influences on the extent of 
metabolism. This possibility is based on the fact proved by Pflugee and 
his pupilS; and by Voit/ that the consumption of oxygen within wide 
limits is independent of the supply of oxygen, and is exclusively dependent 
upon the oxygen demand of the tissues. For certain reasons the consump- 
tion of ox 3 ^geii gives indeed a better conclusion than the elimination of 
carbon dioxide as to the extent of exchange of material and energy; but 
as the same quantity of oxygen (100 grams) consumes different quantities 
of fat, carbolwdrates, and proteins in the body — namely, 35, 84.4, and 
74.4 grams respectively — the respiratory quotient must also be deter- 
mined, in order to ascertain the nature of the substance burnt in the bod}^ 
simultaneously with the determination of the carbon dioxide. 

As the different foods require different amounts of oxygen in the com- 
bustion of each gram of substance and yield different amounts of COg, 
each gram of oxygen taken up and each gram of carbon in the expired 
air as carbon dioxide must correspond to different heat values. This 
Follows from the following table: 

Calories Calories 

per grm. 0 Relative pergrm. Relative 

iiitheC02 0 f Value. Consumed Value, 

tlie Expired Air. Oxygen. 

In the combustion of cane-sugar ... 9.5 100 3.56 118,6 

^'meat 10.2 107 3.00 100.0 

“ ^^fat 12.3 129 3.27 109.0 

Pfluger has found the following figures for the calorific value of 1 
gram oxygen: 


For muscle tissue free from fat 3.30 Cal. 

Fat 3.29 

Starch 3.53 “ 


The figures for the oxygen differ, as seen above, less than those for the car- 
bon, and this is the reason why, as above stated, the oxygen consumption gives a 
much more correct conclusion as to the 'exchange of force than the elimination of 
carbon dioxide.^ 

Kaufmann ^ encloses the individual to be experimented upon in a 
capacious sheet-iron room, -which serves both as a respiration-chamber and 
a calorimeter, and which permits of the estimation of the nitrogen of the 
urine and the^carbon dioxide expired, as well as the inspired oxygen and the 
quantity of heat produced. If we start from the theoretically calculated 

^ See footnote, page 722. 

^Pfliiger, PfliigeFs Arch,, 6, 10, and 14; Finkler, 10; Finkler and Oertmann, 
14; Voit, Zeitschr, f. Biologie, 11 'and 14. v'.* 

® See Ad. Magnus-Levy, PHiiger^s Arch., 55} 7, and Pfliiger, ibid,, 77, 78, and 79. 

'‘Arch. d. Physiologie (5), 8. ^ , 
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formuisD for the various possible transformations of the proteins, fats, ami 
carbohydrates in the body, it is clear that other values rnust be obtains 
for the heat, carbon dioxide, oxygen, and nitrogen of the urine/ when one, 
for example, admits of a complete combustion of proteins to urea, carbon 
dioxide, and water, or of a partial splitting off of fat. Another relatioii- 
ship between heat, carbon dioxide, and oxygen is also to be expected wheri 
the fat is completely burnt or when it is decomposed into sugar, carbon 
dioxide, and water. In this way, by a comparison of the values found in 
special cases with the figures calculated for the various transformations, 
Kaufmann attempts to explain the various decomposition processes in 
the body under different nutritive conditions. 

L The Energy and the Relative Nutritive V^ilue of Various 
Organic Foodstuffs. 

With the organic foods the organism receives a suppl}^ of chemical 
energy which is converted into heat and mechanical work in the body. 
This energy of the various foods may be represented by the amount of heat 
which is set free in their combustion. This quantity of heat is expressed as 
calories, and a small calorie is the quantity of heat necessary to warm 1 
gram of water from 0® to 1°G. A large calorie is the quantity of heat 
necessary to warm 1 kilo of water C. Here and in the following pages 
large calories are to be understood. There are numerous investigations b}' 
different experimenters, such as Fkankland, Danilewski, Rijbner, 
Berthelot, Stohmann, and others, on the calorific value of different 
foodstuffs. The following results, which represent the calorific value of a 
few nutritive bodies on complete combustion outside of the body to the 
highest oxidation products, are taken from Stohmann 's ^ work. 

Calories. 


Casein ,5.86 

Ovalbumin 5.74 

Conglutin ’ 5.48 

Protein (average) 5.71 

Animal tissue-fat 9.50 

Butter-fat'', -OvSi' 


Fats and carbohydrates are completely burnt in the body, and one can 
therefore consider their combustion equivalent as a measure of the living 

' See Rubner, Zeitsohr. f. Biologie, 31, which also cites the works of Franfcland and 
? : Danilewski; sM also Beithdoij.Clompt^ rend., 102, HO; Stohmann. Zeitschr. 


CALOEIFIC VALUE OF THE FOODSTUFFS. 


725 


force developed by them within the organism. We generally designate 9.3 
and 4.1 calories for each gram of substance as the average for the physio- 
logical calorific value of fats and carbohydrates respectively. 

The proteins act differently from the fats and carbohydrates. The}^ 
are only incompletely burnt; and they yield certain decomposition pro- 
ducts, which, leaving the body with the excreta, still represent a certain 
quantity of energy which is lost to the body. The heat of combustion of 
the proteins is smaller within the organism than outside of it, and they 
must therefore be specially determined. For this purpose Rubner ^ fed a 
dog on washed meat, and he subtracted from the heat of combustion of 
the food the heat of combustion of the urine and faeces, which corresponded 
to the food taken plus the quantity of heat necessary for the swelling up of 
the proteins and the solution of the urea. Rubner has also tried to deter- 
mine the heat of combustion of the proteins (muscle-proteins) decomposed 
in the body of rabbits in starvation. According to these investigations,, 
the physiological heat of combustion in calories for each gram of substance 


is as follows: 

1 grm. of the dry substance. Calories. 

Protein from meat 4.4 

Muscle..... .. ....4.0 

Protein in starvation 3.8 

Fat (average for various fats) 9.3 

Carbohydrates (calculated average) 4.1 


The physiological combustion value of the various foods belonging to 
the same group is not quite the same. It is, for instance, 3.97 calories for 
a vegetable protein, conglutin, and 4.42 calories for an animal protein body, 
syntonin. According to Rubner the normal heat value per 1 gram of 
animal protein may be considered as 4.23 calories, and of vegetable protein 
as 3.96 calories. When a person on a mixed diet takes about 60 per cent 
of the proteins from animal foods and about 40 per cent from vegetable 
foods, the value of 1 gram of the protein of the food is equivalent to about 
4.1 calories. The physiological value of each of the three chief groups of 
organic foods, by their decomposition in the body, is in round numbers as 
follows: 

Calories. 


1 gram protein * 4.1 

1 “ fat 9.3 

1 “ carbohydrate 4.1 


As will be shown, the fats and carbohydrates may decrease the metab- 
olism of proteins in the body, while, on the other hand, the quantity of 
proteins in the body or in the food acts on the metabolism of fat in the 
body. In physiological combustion the various foods may replace one 
another to a certain extent, and it is therefore important to know the 
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ratio of replacenient. The investigations made by Rubner have taiigiit 
that this, if it relates to the force and heat production in the animal body, 
is a proportion that corresponds with the figures of the heat value of the 
same. This is apparent from the following table. In this is found the 
^veight of the various foods equal to 100 grams of fat, a part determined 
from experiments on animals and a part calculated from figures of the heat 
values. ■■■ , , 

100 grams fat are equal to or isodynamic with 

From Experiments From tlie Biffereiiee, 

on Animals. Heat Value. percent. 


Syntonin 225 213 +5.6 

Muscle-flesh (dried) 243 235 +4 3 

Starch 232 229 +1.3 

Cane-sugar 234 235 —0 

Dextrose 256 255 —0 


From the given isodynamic value of the various foods it follows that 
these substances replace one another in the body almost in exact ratio to 
the energy contained in them. Thus in round numbers 227 grams of pro- 
tein and carbohydrate are equal to or isodynamic with 100 grams of fat in 
regard to source of energy, because each yields 930 calories on combustion 
in the body. 

By means of recent very important calorimetric investigations Rubnee^ 
has shown that the heat produced in an animal in several series of experi- 
ments extending over forty-five days corresponded to within 0.47 per cent 
of the physiological heat of combustion calculated from the decomposed 
body and foods. Atwater and his collaborators ^ have made some very 
thorough investigations on this subject on men. In their experiments 
they made use of a large respiration calorimeter, which not only deter- 
mined exactly the excreta but also made a calorimetric determination of 
the heat given out by the person experimented upon, i.e., the work per- 
formed. From the results of these experiments they found nearly an 
absolutely complete agreement between the calories found directly and 
those calculated. 

This isodynamic law is of fundamental value in the study of metabo- 
lism and nutrition. By this law it is possible to consider the processes of 
metabolism as more uniform transformations of energy. The quantity 
of energy in the transformed foods or the constituents of the body may 
be used as a measure for the total consumption of energy, and the 
knowledge of the quantity of energy in the foods must also be the basis 
for the calculation of dietaries for human beings under various conditions. 


'Dept.'o! Agric.,<^^hi^ton,.;44, 6S, '69, and 109 and Ergebnisse des 
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The heat value of a foodstuff ean be directly determined in a calori- 
meter but may also be calculated from its composition. If one subtracts 
from the gross heat value of the food obtained in one way or another^ the 
combustion heat of the f seces and urine with the same diet, there is obtained 
the net calorific value of the diet. This value, calculated in percentage of 
the total energy content of the food, is called t)ie 'physiological availahility 
by Rubner.V In order to elucidate this we will give a few of Rubner^s 
values. The loss in calories, as well as the physiological availability, are 
calculated in percentages of the total energy content of the food. 


Food. 

Loss in per cent. 

In urine. In the fieces. 

Total loss 
in per cent. 

Availability 
in per cent. 

Cow^s milk. . .... . . . . . . . . . 

..... 5.13 

5.07 

10.20 

S9.8 

Mixed diet (rich in fat) .... 

.. ... 3.87 

5.73 

9.60 

90.4 

(poor in fat) . . . . 

. . . . . 4.70 

6.00 

10.70 

89.3 

Potatoes 

..... 2.00 

5.60 

7.60 

92.4 

Graham bread 

..... 2.40 

15.50 

17.90 

82.1 

Rye bread . 

.... , 2.20 

24.30 

26.50 

73.5 

Meat 

16.30 

6.90 

23.20 

76,8 

In order to simplify the calculation of the energy exchange there exist, 


besides the above-mentioned standard figures for the physiological calorific 
value of the organic foodstuffs, also for the carbon of the carbon dioxide, 
and for the oxygen other standard factors. Thus for 1 gram of meat 
(dry substance) free from fat and extractives we have the calculated 
value of 5.44-5.77 Cal. Kohler^ found 5.678 Cal. for 1 gram of ash 
and fat-free dried-meat substance of the ox and 5.599 Cal. for the horse. 
According to Feentzel and Schreuer ^ 45.4 Cal. is calculated for 1 gram 
of nitrogen in fat and ash-free dried-meat fasces (dog), while 6.97 to 7.45 
Cal. is calculated for 1 gram of nitrogen in meat-urine. The calorific 

urine quotient seems still, as above given, not to be constant for 


human beings at least, but is dependent upon the variety of food. 


Instead of the direct determination the heat of combustion can also be deter- 
mined from the elementary composition according to the following principle as 
suggested by E. Voit.'‘ If we designate the heat of combustion for 1 gram of the 
substance by Cal. and the quantity of oxygen necessary for the complete com- 
bustion of 1 gram of the substance ( = oxygen capacity of the substance) by O, 

then which is the combustion value for 1 gram of oxygen. The oxygen 


capacity can be calculated from the elementary composition, and when the value 
of K is known, the combustion heat of a chemical compound or a known mixture 


^ Zeitschr. f. Biologic, 42. '' 

^ Zeitschr. f. physiol. Chem., 31. , 

^ The works of Frenteel and Schreuer may be found in Arch. f. (Anat. u.) ! 
1901, 1902, and 1903, / . > . . 

^ Zeitschr, f. Biologie, 44. See also Krummacher, ibid. 
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can be readOy determined. The value K is nearly constant for .substanee.s of the 
same groups;" but also different groups show among them.selve,s only slight rlcvia- 
tion for this value. Voit obtained tlie following values ior a lew ot the foodstuffs: 

iS;. (in kg. Cal.) OGapaeity. 


Plant protein .............. 3 . 298 i . 740 

Animal protein 3 . 273 1 . 741 

'3.271 2.863 

Carbohydrate 3 . 525 1 . 15G 


These methods of calculation are, according to Vorr and KRUMMAi'nER, 
admissible for practical purposes. 

IL Metabolism in Starvation, 

In starvation the decomposition in the body continues uninterruptedly, 
though with decreased intensity; but, as it takes place at the expense of 
the substance of the body, it can only continue for a limited time. When 
an animal has lost a certain fraction of the mass of the body death is the 
result. This fraction varies with the condition of the body at the begin“ 
ning of the starvation period. Fat animals succumb when the iveight of 
the body has sunk to one half of the original weight. Otherwise, accord- 
ing to Chossat,^ animals die as a rule when the weight of the body has 
sunk to two fifths of the original w^eight. The period when death occurs 
from starvation not only varies with the varied nutritive condition at the 
beginning of starvation, but also with the more or less active exchange of 
material. This is more active in small and young animals than in large 
and older ones, but different classes of animals show an unequal activity. 
Children succumb in starvation in 3-5 days after having lost one fourth 
of their body mass. Grown persons may, as observed upon Succj,- and 
other professional fasters, starve for twenty days or more without lusting 
injury; and there are reports of cases of starvation extending over a 
period of even more than forty to fifty days. Dogs can live wdthout food 
from four to eight weeks, birds five to twenty days, snakes more than half 
a year, and frogs more than a year. , 

In starvation the weight of the body decreases. The loss of weight is 
greatest in the first few days, and then decreases rather uniformly. In 
small animals the absolute loss of weight per day is naturally less than 
in larger animals. The relative 15ss of weight — that is, the loss of weight 
of the unit of the weight of the body, namely, 1 kilo — is, on the contrary, 
greater, in small animals than in larger ones. The reason for this is that 
the .smaller animals have a greater surface of body in proportion to their 
: mass than larger animals,. and the greater loss of heat caused thereby must 
be replaced by a more active consumption of materiaL 

^ Cited from Voit in Hermann’s Handbnch, 6, Thl 1, 100. 

^ Luciani, Das Hungem^ ; Hwfeurg n. telpag, 1$90, ‘ ^ - 
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It follows from the decrease in the weight of the body that the absolute 
extent of metabolism must diminish in starvation. If, on the contrary^ 
the extent of the metabolism is referred to the unit of the weight of the 
body, namely, 1 kilo, it appears that this quantity remains nearly 
unchanged during starvation. The investigations of Zuntz, Lehmank, 
and others^ on the professional faster Cetti showed on the third 
and sixth days of starvation an average consumption of 4.65 c.c. 
oxygen per kilo in one minute, and on the ninth to eleventh day an 
average of 4.73 c.c. The calories, as a measure of the metabolism, fell 
on the first to fifth day of starvation from 1850 to 1600 calories, or 
from 32.4 to 30 per kilo, and it remained nearly unchanged, if referred to 
the unit of body weight.^ 

The exteyit of the metabolism of 'proteins, or the elimination of nitrogen 
by the urine, which is a measure of the same, diminishes as the weight of 
the body diminishes. This decrease is not regular or the same during 
the entire period of starvation, and the extent depends, as the experiments 
made upon carnivora have shown, upon several circumstances. During 
the first few days of starvation the excretion of nitrogen is greatest, and 
the richer the body is in protein, due to the food previously taken, the 
greater is the protein catabolism or the nitrogen elimination, according 
to VoiT. The nitrogen elimination diminishes the more rapidly — that is, 
the curve of the decrease is more sudden — the richer in proteins the food 
was which was taken before starvation. This condition is apparent from 
the following table of data of three different starvation experiments made 
by VoiT ^ on the same dog. This dog received 2500 grams of meat daily 
before the first series of experiments, 1500 grams of meat daily before 
the second series, and a mixed diet relatively poor in nitrogen before the 
third series. 


Day of Starvation, Grams of Urea Eliminated in Tweiity-fonr Honrs. 

Ser. I. Ser. II. Ser III 

First 60.1 26.5 13.8 

Second 24.9 18.6 11.5 

Third 19.1 15.7 10.2 

Fourth 17.3 14.9 12.2 

Fifth 12.3 14.8 12.1 

Sixth 13.3 12.8 12.6 

Seventh 12.5 12.9 11.3 

Eighth ■ 10.1 12.1 10.7 


In man and also in animals sometimes a rise in the nitrogen excretion 
is obsen^ed about the second or third starvation day, which is then fol- 
lowed by a regular diminution. Tliis rise is explained by Peausnitz, 


‘ Berlin, klin. Wochensohr., 18S7. . ' 

' See also Tigerstedt and coUaboratois in Skand. Arch. f. Physiol., 7. ■, 

’ See Hermann’s Handbuch, 6, ThL 1, 89, . ; ■ . 


730 


METABOLISM. 


Tigebstbdt^^ folIowsrrAt , the commeneement of star- 

vation the protein metabolism is reduced by the glycogen still present 
in the body. After the consumption of the glycogen, which takes place , in 
great part during the first days of starvation, the destruction of proteins 
increases as the glycogen action decreases, and' then decreases again when 
the body has become poorer in available proteins. 

Other conditions, such as varying quantities of fat in the body, have 
an influence on the rapidity with which the nitrogen is eliminated during 
the first days of starvation. After the first few days of starvation the 
elimination of nitrogen is more uniform. It may diminish grad iially and 
regularly until the death of the animals or there may be a rise in the last 
days, a so-called premortal increase. Whether the one or the other 


occurs, depends upon the relationship between the protein and fat content 
of the body. 

Like the destruction of proteins during starvation, the decomposition 
of fat proceeds uninterruptedly, and the greatest part of the calories needed 
during starvation are supplied by the fats. According to Rubnee and 
VoiT the protein catabolism varies only slightly in starving animals at 
rest and at -an average temperature, and forms a constant portion of the 
total exchange of energy; of the total calories in dogs lO-lO per cent comes 
from the protein decomposition and 84-90 per cent from the fats. This is 
at least true for starving animals whichiiad a sufficiently great original 
fat content. If on account of starvation the animal has become relatively 
poorer in fat and the fat content of the body has fallen below a certain 
limit, then in order to supply the calories necessary a larger quantity of 
protein is destroyed and the premortal increase now occurs (E. Vorr-). 

Since the fat has a diminishing influence on the destruction of prf)tein'5 
corresponding to what was said above, the elimination of nitrogen in star- 
vation is less in fat than in lean individuals. For instance, only 9 grams 
of urea were voided in twenty-four hours during the later stages of starva- 
tion by a well-nourished and fat person suffering from disease of the brain, 
while 1. Munk found that 20-29 grams urea were voided daily by 
who had been poorly nourished. 

The investigations on the exchange of gas in starvation have shown, as 
previously mentioned, that the absolute extent of the same is diminished, 
but that when the consumption of oxygen and elimination of carbon 
dioxide are calculated on the unit of weight of the body, 1 kilo, this quantity 

1 Prausiiitz, Zeitschr. f. Biologie, 29; Tigerstedt and collaborators, I e.; Landergrini, 
^^IJndersokningar ofver menniskans aggkviteomsattning, Inaug.-Dis.s. Btoekliolin, 

2 Zeitschr. f. Biologie, 41, 167 and 502. Bee also Kaufmann, ihid,^ and N. Bchulz, 
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quickly sinks to a minimum and then remains unchanged, or, on the com 
tinuatiGii of the starvation, may actually rise. It is a well known fact 
that the body temperature of starving animals remains nearly constant, 
without showing any appreciable decrease, during the greater part of the 
starvation period. The temperature of the animal first sinks a few days 
before death, and death occurs at about 33-30® C. 

From wdiat has been said about the respiratory quotient it follows that 
in starvation it is about the same as with fat and meat exclusively as food, 
i.e., approximately 0.7. This is often the case, but it may occasionally be 
lower, 0.65-0.50, as observed in the cases of Cetti and Sued. As explana- 
tion for this unexpected behavior one must admit of a storage of incom- 
pletely oxidized substances in the body during starvation. 

Water passes uninterruptedly from the body in starvation even when 
none is taken. If the quantity of water in the tissues rich in proteins is 
considered as 70-80 per cent, and the quantity of proteins in the same 
20 per cent, then for each gram of protein destroyed about 4 grams of 
water are set free. This liberation of water from the tissues is generally 
sufficient to supply the loss of water, and starvation is ordinarily not 
accompanied with, thirst. Starving animals, as a rule, do not partake of 
water. 


I The loss of water calculated on the percentage of the total organism must 

; naturally be essentially dependent upon the previous amount of fatty tissue in the 

' body. If we bear these conditions in mind, then, it seems, according to Boht- 

that, from experiments upon white mice, the animal body is poorer in 
! water during inanition. The body loses more water than is set free by the destriic- 

; tion of the tissues. 

I The mineral substances leave the bodyy uninterruptedly in starvation 

i until death, and the influence of the destruction of tissues is plainly per- 

1 ceptible their elimination. Because of the destruction of tissues rich in 

■ potassium the proportion between potassium and sodium in the urine 


changes in starvation, so that, eontrar}^ to the normal conditions, the 
potassium is eliminated in proportionately greater quantities. Munk also 
observed in Cetti * case a relative increase in the phosphoric acid and 
calcium in the urine during starvation, wffiich was due to an increased 
exchange of bone-substance. 

Contrary to the above Bohtlingk with starving white mice, and Katsuyama ^ 
with starving rabbits found a greater excretion of sodium than potassium. 

The question as to the participation of the different organs in the loss 
of w^eight of the body during starvation is of special interest. , In eiucida- 

^ Arch, des sciences biol. de St. P^tersbourg, 5. , . , 



732 


METABOLISM. 


tion of this point we give the folio wing results of Chossat^s experiments 
on pigeonSj and those of Vgit ^ on a .male eat., ■ . The results are pe.rceiitages 
of weight lost from the original weight of the organ. 



Pigeon (Chossat), 

Mai© Cat .(VOIT). 

Adipose tissue 

93 per cent. 

97 .per cent. 

Spleen 

71 

« 


67 



Pancreas 

. 64 



17 

u 

<r 

Liver 

52 

(( 

it 

54 

it 

ti ■ 

Heart 

45 

it 

ti 

3 



Intestine 

. 42 

<i 

t£ 

18 



Muscles 

.......... 42 

It 

a 

'31 

ii 


Testicles 

. . . — 

u 

ti 

40' 

<< 

(£ 

Skin 

......... 33 

tt 

ti 

21 

a 


Kidneys 

32 

it 

it 

26 

it 

a 

Lungs 

22 

ti 

1 

IS' 

ti 

a 

Bones 

17 

it 

it 

14 

it 

it 

Nervous system 

0- 

it 

(t 

3 

it 

it 


The total quantity of blood, as w^ell as the quantity of solids contained 
therein, decreases, as Panum and others ^ have shown, in the same pro|)or» 
tion as the w^eight of the body. The statements in regard to the loss 
of water by different organs are somewhat contradictory; according to 
Lukjanow ^ it seems that the various organs act somewhat differently in 
this respect. 

The above-tabulated results cannot serve as a measure of the metabo- 
lism in the various organs during starvation. For instance, the nervous 
S 3 "stem show^s only a small loss of w^eight as compared with the other 
organs, but from this it must not be concluded that the exchange of 
material in this system of organs is least active. The condition may be 
quite different; for one organ may derive its nutriment during starvation 
from some other organ and exist at its expense. A ]3ositive conclusion 
cannot be drawn in regard to the activit\^ of the metabolism in an organ 
from the loss of weight of that organ in starvation. Death hy starvation 
is not the result of the death of all the organs of the body, but it de|;)ends 
more likely upon the disturbance in the nutrition of a few less vitally 
important organs (E. VoiT ^). 

In calculating or determining the loss of tveight of tlie organs in star- 
vation the original fat content of the organs must also be considered. 
With the consideration of the fat content of the organs, determined or 
estimated in a special way before the starvation period and at the end, 
E. VoiT® has found the following loss of weight in the supposed fat -free 

^ Cited from Voit in Hermann's Handbuch, 6, Part 1, 96 and 97. 

2 Panum, Virchow's Arch., 29; London, Arch. d. scienc, biol de St. P€‘tersbourg, 4. 

® Zeitschr. f. physiol Chem., IS. 

ifilSiiiiiiiPliiaiiilSiliiH 
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organs in starvation, namely> muscles 41, per cent, viscera 42 per cent, 
skin 28 per cent, and skeleton 5 per cento 

The knowledge of metabolism during starvation is of the greatest 
importance in the study of nutrition, and it forms to a certain extent the 
starting-point for the study of metabolism under different physiological 
and pathological conditions. To answer the question whether the 
metabolism of a person in a special case is abnormally increased 
or diminished it is naturally very important to know the average 
extent of metabolism of a healthy person under the same circumstances, 
for comparison. This quantity can be called the starvation requirement, 
that is, the extent of metabolism used in absolute bodily rest 
and inactivity of the intestinal tract. As a measure of this quantity 
we determine, according to Geppert-Zuntz, the extent of gaseous 
exchange, and especially the consumption of oxygen, of a person 
lying down, best sleeping, in the early morning and at least twelve 
hours after a light meal not rich in carbohydrates. The gas volume 
reduced to 0° C, and 760 mm. Hg pressure is calculated on 1 kilo of body 
weight and for one minute. The results vary between 3 and 4.5 cc. for 
the consumption of oxygen, and between 2.5 and 3.5 c.c. for the carbon 
dioxide. As average 3.81 c.c. oxygen and 3.08 c.c. carbon dioxide are 
usually given. ^ 

The extent of protein destruction cannot be determined in transient 
experiments, and for these reasons only the values found after several 
days of starvation are useful. In the starvation experiments on Cetti 
and Succi the elimination of nitrogen per kilo on the fifth to the tenth star- 
vation day was 0.150-0.202 gram N. In a recent starvation experiment 
made by E. and O. Freund ^ upon Succi the nitrogen excretion on the 
twenty-first day sank to 2.82 grams N. The portion of the urea nitrogen 
of the total nitrogen sank from 85-89 per cent on the first days 
of starvation to 73 per cent on the fifteenth day and 56-54 per 
cent on the day before the last day of starvation. None of the 
other nitrogenous constituents examined increased to the same 
extent as the urea decreased. The amount of neutral sulphur rose 
from 10 to 40 per cent of the total sulphur. In a recent seides 
of investigations upon the faster Succi, Brugsch^ found on the 
twenty-first to the thirtieth day that the urea only amounted to 54-69.4 
per cent of the total nitrogen while the quantity of ammonia, because 
of a high acidosis, rose to 15.4-35.3 per cent. The amino-acid fraction 
^vas also above normal. . • ' . 


^ See V. Noorden, Lehrbuch der PatMogie des Stoffwechsel, Berlin, 1906. 
^Wien. klin. Rundschau, 1901, Nos. 5 and 6. ; , 

Zeitschr. f. exp. Path, u, Therap, T ; ' , 
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III. Metabolism with Inadequate Nutrition. 

The food may be quantitatively insufficient, and the final result , is 
absolute inanition. The food may also be qualitatively insufficient or, as 
we say, inadequate. This occurs when any of the necessary nutritive 
bodies are absent in the food, while the others occur in sufficient or perhaps 
even in excessive amounts. 

Lack of Water in the Food, The quantity of water in the organism is 
greatest during foetal life, and then decreases with increasing age. Natu- 
rally, the quantity differs in various organs. The tissue in the body being 
poorest in water is the enamel, which is almost free, containing only 2 p. m. 
water, the teeth about 100 p. m., the fatty tissues 60-120 p, m. The 
bones, with 140-440 p. ra., and the cartilage, with 540-740 p. m., are 
somewhat richer in water, while the muscles, blood, and glands, with 750 
to more than 800 p. m,, are still richer. The quantity of water is even 
greater in the animal fluids (see preceding chapter), and the adult body 
contains in all about 630 p, m. water. V If it is borne in mind that two 
thirds of the animal organism consists of water; that water is of the xery 
greatest importance in the normal, physical composition of the tissues; 
moreover that all flow of juices, all exchange of substance, all supply of 
nutrition, all increase or destruction, and all discharge of the products of 
destruction, are dependent upon the presence of water; and, in addition, 
that by its evaporation it is an important regulator of the temperature of 
the body, we perceive that water must be necessary for life. If the loss 
of water be not replaced by fresh supplies sooner or later, the organism 
succumbs and death may occur earlier with lack of water than with com- 
plete inanition (Landaukh, Nothwang). 

If the water is withdrawn for a certain time, as Landauee and espe- 
cially W. Straub have shown, it has an accelerating influence u})on the 
decomposition of protein. This increased destruction has, according to 
Landauer, the purpose of replacing a part of the water withheld (by means 
of the increased metabolism). The deprivation of water for a short time 
may, according to Spiegler,^ especially in man, cause a diminution in 
the protein metabolism by means of a reduced protein absorption. 

Lack of Mineral SnbstaTices in the Food, In a previous chapter atten- 
tion was called in several instances to the importance of the mineral bodies 
and also to the occurrence of certain mineral substances in certain amounts 
in the various organs. The mineral content of the tissues and fluids is 
not very great as a rule* With the exception of the skeleton, whicli con- 


^ See Voit in Hermanifls Handbncli, 6, TL I,. 345. 

^banclauer, Malyhs Jahresbar./'M;' Nothwang, Arch, f. Hygiene, 1892; Straub, 
Zeitschr. f. Biologie, 37 and 38» Bpiegler, 40. 
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tains about 220 p. m. mineral bodies (Volkmann^, the animal fluids or 
tissues are poor in inorganic constituents, and the quantity of these 
amounts, as a rule, only to about 10 p. m. Of the total quantity of min- 
eral substances in the organism, the greatest part occurs in the skeleton, 
830 p. m., and the next greatest in the muscles, about 100 p. m. (Volk- 
mann), , 

The mineral bodies seem to be ‘partly dissolved in the fluids and partly 
combined with organic substances. In accordance with this the organism 
persistently retains, with food poor in salts, a part of the mineral sub- 
stances, also such as are soluble, as the chlorides. On the burning of the 
organic substances the mineral bodies combined therewith are set free and 
may be eliminated. It is also admitted that they in part combine with 
the new products of the combustion, and in part with organic nutritive 
bodies poor in salts or nearly salt-free, which are absorbed from the intes- 
tinal canal and are thus retained (VoiT, Foestek ^). 

If this statement is correct, it is possible that a constant supply of 
mineral substances with the food is not absolutely necessary, and that the 
amount of inorganic bodies which must be administered is insignificant. 
The question whether this be so or not has not, especially in man, been 
sufficiently investigated; but generally we consider the need of mineral 
substances by man as very small. It may, however, be assumed that 
man usually takes with his food a considerable excess of mineral substances. 

Experiments to determine the action of an insufficient supply of min- 
eral substances with the food in animals have been made by several inves- 
tigators, especially Forster. He observed, on experimenting with dogs 
and pigeons with food as poor as possible in mineral substances, that a 
very suggestive disturbance of the functions of the organs, particularly 
the muscles and the nervous system, appeared, and that death resulted in 
a short time, earlier in fact than in complete starvation. On observations 
made upon himself Taylor ^ found on partaking less than 0.1 gram 
salts per diem that the chief disturbance occurred in the muscular system. 

Bunge in opposition to these observations of Forster’s has suggested 
that the early death in these cases was not caused by the lack of mineral 
salts, but more likely by the lack of bases necessary to neutralize the 
sulphuric acid formed in the combustion of the proteins in the organism; 
these bases must then be taken from the tissues. In accordance with 


^ See Voit in Hermann’s Handbuch, 0, Part 1, 363. . . 

^ Forster, Zeitsebr. f. Biologie, 9. See also Voit in Hermann’s Handbuch, 6, Part 1, 
354, In regard to the occurrence and the behavior of the various mineral constituents 
of the animal body see the work of Aibu and Neuberg, Physiologie and Pathologic des 
Mineraistoffwechsel, Berlin, 1906, , ' ' . ' . . ■ ' 

® University of California Publications, Pathol. 1., 
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this view, Bunge and Lunin ^ aiso- iound; in experimen^^^ mice; 

that animals which received nearly ash-free food with the addition of 
sodium carbonate were kept alive twice as long as those will ch had the 
same food wdthout the sodium carbonate. Special experiments also show 
that the carbonate cannot be replaced by an equivalent amount of sodiuin 
chloride, and that to all appearances it acts by combining with the acids 
formed in the body. The addition of alkali carbonate to the otherwise 
nearly ash-free food may indeed delay death, but cannot prevent it, and 
even in the presence of the necessary amount of bases death, results for 
lack of mineral substances in the food. 

In the above series of experiments made by Bunge the food of the 
animal consisted of casein, milk-fat, and cane-sugar. While milk alone 
was an adequate and sufficient food for the animal, Bunge found that the 
animal could not be kept alive longer by food consisting of the abo\u con- 
stituents of milk and cane-sugar wdth the addition of all the mineral sub- 
stances of milk than with the food mentioned in the above experiments 
with the addition of alkali carbonate. The question whether this result 
is to be explained by the fact that the mineral bodies of milk are chem- 
ically combined with the organic constituents of the same and can be 
assimilated only in such combinations, or whether it depends on other 
conditions, Bunge leaves undecided. These observations, however, show 
how difficult it is to draw positive conclusions from experiments made 
thus far wnth food poor in salts. Further investigations on this subject 
seem to be necessary. 

With an insufficient supply of cAZon’dcs with the food the elimination 
of chlorine by the urine decreases constantly, and at last it may stop 
entirely, while the tissues still persistently mtain the chlorides. It has 
already been stated (Chapter IX) how chloride starvation influences other 
functions, especially the secretion of gastric juice. If there be a lack of 
sodium as compared with potassium, or if there be an excess of pota^ssiur■n 
compounds in any other form than KCl, the potassium combinations are 
replaced in the organism by NaCl, so that new potassium and sodiuin 
compounds are produced which are voided with the urine. The organism 
becomes poorer in NaCl, which therefore must be taken in greater amounts 
from the outside (Bunge). This occurs habitually in lierbivora, and in 
man with vegetable food rich in potash. For human beings, and especially 
for the poorer classes of people who live chiefly on potatoes and foods 
rich in potash, common salt is, under these circumstances, not only a 
condiment, but a necessary addition to the food (Bunge‘S). On the be- 
havior of chlorides, especially sodium chloride, in the animal body ab well 

' 7 ^ Buhgel'' Eehrbuch der phyriol. 0^^ Aufi., 97; Lunin, ZoitSchrT^ ’ 

Chem., Si' ■, : - , ■ ■ • , 

^ Zeitsehr. f, Bioiogie 9. ■ ■ 
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as the elimination or the retention of NaCl in diseases we have an abundance 
of investigations,', which may bO' found "in Albu and N'EUB"EEG^s:'., w’'ork 
previously' cited. 

Lack of Alkali Carbonates or Bases in the Food. The chemical processes 
in the organism are dependent upon the presence of tissue-fluids of a cer- 
tain reaction, and this action, which is habitually alkaline towards litmus 
and neutral towards phenolphthalein, is chiefly due to the presence of 
alkali carbonates and carbon dioxide. The alkali carbonates are also of 
great importance not only as a solvent for certain protein bodies and as 
constituents of certain secretions, such as the pancreatic and intestinal 
juices, but they are also a means of transportation of the carbon dioxide 
in the blood. It is therefore easy to understand that a decrease below 
a certain point in the quantity of alkali carbonate must endanger life. 
Such a decrease not only occurs with lack of bases in the food which brings 
about various disturbances and death by a relatively great production of 
acids through the burning of the proteins, but it also occurs when an animal 
is given dilute mineral acids for a period. The importance of ammonia as 
a means of neutralizing the acids produced or introduced into the body 
as well as the different resistance of man and other animals towards this 
action of acids has already been discussed in Chapter XV. 

Lack of Phosphates and Earths. With the exception of the importance 
of the alkaline earths as carbonates and more especially as phosphates in 
the physical composition of certain structures, such as the bones and teeth, 
their physiological importance is nearly unknown. The importance of 
calcium for certain enzymotic processes and also the great importance of 
calcium ions for the functions of the muscles and especially for cell life 
give an indication of the great importance of the alkaline earths for the 
animal organism, "^^ery little is knowm in regard to the need of these 
earths in adults, and no average results can be given for this. The same 
is true for the need of phosphates or phosphoric acid, whose great impor- 
tance is recognized not only for the construction of the bones but also 
for the functions of the muscles, the nervous system, the glands, the organs 
of generation, etc. The extent of this need is most difficult to determine 
as the body shows a strong tendency, w’'hen increased amounts of phos- 
phorus are introduced, to retain more than is necessary. The need of 
phosphates is relatively smaller in adults than in young, developing ani- 
mals, and in these latter the question of the action of insufficient supply 
of earthy phosphates and alkaline earths upon the bone tissue is of special 
interest. In regard to this question we refer to Chapter X and to the 

Another important question is, How far do the phosphates take part 
in the construction of the phosphorized constituents of the body or to 
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wliat extent are they necessary? The experiments of E-5 hmann and his 
pupils ^ with phosphorized (casein, viteilin) and non-phosphorized pro- 
teins (edestin) and phosphates show that with the introduction of casein 
and viteilin a deposition of nitrogen and phosphorus takes place, while 
with non-phosphorized protein and phosphates this does not seem to occur. 
The body apparently does not have the powder of building up the phos- 
phorized cell constituents necessary for cell life from non-phosphorized 
proteins and phosphates. On the contrary, according to the oliservations 
of several investigators, the lecithins seem to possess this power. As 
knowm from the investigations of Mieschek, the development of genera- 
tive organs of the salmon which are very rich in nuclein substances and 
phosphatides from the muscles w^hich are relatively poor in organic-com- 
bined phosphorus seem to indicate a synthesis of phosphorized organic 
substance from the phosphates. Other investigators, such as v. Wendt, ^ 
also admit of a synthesis of phosphorized protein substances by the aid 
of inorganic phosphates. 

Lack of Iron. As iron is an integral constituent of hscmoglobin, abso- 
lutely necessary for the introduction of oxygen, just so is it an indispen- 
sable constituent of food. Iron is a never-failing constituent of the 
nucleins and nucleoproteids, and herein lies also another reason for the 
necessity of the introduction of iron. Iron is also of great impoilance for 
the action of certain enzymes, the oxidases. In iron starvation iron is 
continually eliminated, even though in diminished amounts; and with an 
insufficient supply of iron with the food the formation of hamioglobin 
decreases. The formation of haemoglobin is not only enhanced by the 
supply of organic iron, but also, according to the general view^, by inor- 
ganic iron preparations. The various divergent statements on this ques- 
tion have already been given in a previous chapter (on the blood). 

In the absence of 'protein bodies in the food the organism must nourish 
itself by its own protein substances, and with such nutrition it must sooner 
or later succumb. By the exclusive administration of fat and carbohy- 
drates the consumption of proteins in these cases is very considerably 
reduced. According to the doctrine of C. Voit, which has been defended 
by recent investigations of E. Voit and Korkunofp,® the protein metab- 
olism is never so low under these conditions as in starvation. Accord- 
ing to several investigators, such as Hirschfeld, Kumagawui, Klem- 
RERER, SivEN, LandergreNj^ and others, the protein metabolism may 

^ See Marcuse, Pfliiger^s Arch., 67, and footnote 2, page 719. > 

*Skand. Arch., f. Physiol. 17. 

* Zeitschr. i. Biologie, 62, . 

Hirschfeld, Virchpw^s Arch.,,- .Kumagawa, ibtd.f 116; Kleihperer, Zeitschr^ 
f . klin. Med., 16 ; Siv4n, Skand. Arch., f. Physiol., ,10 and 11 ; Landergren,' l.,c. 11 ; footnote 

\ page 730.„ _ See also Maij^s-'Jahresber., 62. ' 
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indeed; with exclusively fat and carbohydrate diet; be smaller than in 
complete starvation. Thus Landergren has observed on an adult; 
healthy man in nitrogen starvation but with sufficient supply of energy 
(about 40 calories per 1 kilo as carbohydrates and fat) on the fourth star- 
vation day that the nitrogen excretion was not more than 4 grams. On 
the seventh day, with only carbohydrates, the nitrogen excretion sank to 
3.34 grams, which corresponded to 0.047 gram N per kilo of body weight 
and to 0.29 gram protein. 

The absence of fats and carbohydrates in the food affect carnivora and 
herbivora somewhat differently. It is not known whether carnivora can 
be kept alive for any length of time by food entirely free from fat and car- 
bohydrates.^ But it has been positively demonstrated that they can be 
kept alive a long time by feeding exclusively with meat freed as much as 
possible from visible fat (Pfluger^). Human beings and herbivora, on 
the contrary, cannot live for any length of time on such food. On one 
side they lose the property of digesting and assimilating the necessarily 
large amounts of meat, and on the other a distaste for large quantities of 
meat or proteins soon appears. 

A question of greater importance is whether it is possible to maintain 
life in an animal for any length of time with a mixture of simple organic 
and inorganic foodstuffs. This was not possible in the experiments of 
Bunge and Lunin, cited above. Later investigators, such as Hall and 
Steinitz, Falta and Noeggerath, arrived at somewhat better results; 
and Rohmann^ has arrived at still more conclusive results. He used 
mice in his experiments, and fed them with a mixture of casein, white of 
egg, vitellin, potato-starch, wheat-starch, margarine, and salts. With 
this diet the animals maintained their body weight and brought forth 
young. These latter could not be raised on artificial food. A better 
result was obtained by adding some malt to the food. It was also possible 
to further raise with artificial food to maturity mice which had been 
formed and born with artificial food. These mice remained somewhat 
smaller than the normal, and no living young could be obtained from 
them. If we exclude the fact that the foodstuffs fed were not ail simple 
(wffiite of egg, malt), pure foods it seems as if artificial mixtures of food 
are sufficient to maintain at least an adult animal for a long time, while 
it is not quite sufficient for the development of a young animal. 


^ See Horbaczewski, Malyhs Jahresber., SI, 715. ^ 

®Hali, Arch. f. (Anat. u.) Physiol., 1896; Steinitz, Uber Versuclie mit khnstlicher 
EmS-hrung, Inaug.-Diss., Breslau, 1900; Falta and Noeggerath, Hofmeister; Beitrage, 
7; Eohmann, Klin, therap, Wochenschr., 1902, No. 40. . , 
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IV. Metabolism with Various, Foods. , 

For the carnivora, as above stated, meat as poor as possible in fat may 
be a complete and sufScient food. As the proteins moreover take a special 
place among the organic nutritive bodies by the quantity of nitrogen they 
contain, it is proper that we first describe the metabolism with an exclu- 
sively meat diet. 

' '' Metabolism with food rich in proteins, or feeding only with meat as 
poor in fat as possible. 

By an increased supply of proteins their catabolism and the eliiiiina- 
tion of nitrogen is increased, and this in proportion to the supply of pro- 
teins. 

If a certain quantity of meat has been given to carnivora as food daily 
and the quantity is suddenly increased, an augmented catabolism of pro- 
teins, or an increase in the quantity of nitrogen eliminated, is the result. 
If the animal is fed daily for a certain time with larger quantities of the 
same meat, a part of the proteins accumulates in the body, but this pai^ 
decreases from day to day, while there is a corresponding daily increase 
in the elimination of nitrogen. In this way a nitrogenous equilibrium is 
established; that is, the total quantity of nitrogen eliminated is equal to 
the quantity of nitrogen in the absorbed proteins or meat. If, on the 
contrary, an animal which is in nitrogenous equilibrium, having been fed 
on large quantities of meat, is suddenly given a small quantity of meat per 
day, then the animal uses up its own body proteins, the amount decreasing 
from day to day. The elimination of nitrogen and the catabolism of 
proteins decrease constantly, and the animal may in this case also pass 
into nitrogenous equilibrium, or nearly into this condition. These rela- 
tions are illustrated by the following table (Voit : 

Grams of Meat in llie Food per Bay. 


Before Test.--' 

1 500 1500 

1500 1000 

Grams of Flesh Metabolized in Body per Bay. 


i ^ 2 ^ 4 5 6 7 

1222 1310 1390 1410 1440 1450 1500 

1153 1086 1088 1080 1027 


In the first case (1) the metabolism of meat before the beginning of the 
actual experiment on feeding with 500 grams of meat was 447 grams, and 
;. it increased considerably on the first day of the exx)eriment, after feeding 
, with 1500 grams of meat. In the second case (2), in which the animal was 
previously in nitrogenous equilibrium with 1500 grams of meat, the meta- 
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bolism of flesli on the first day of the experiment, Avith only 1000 grams 
meat, decreased considerably, and on the fifth day nearly a nitrogenous 
equilibrium was obtained. During this time the animal gave up daily 
some of its own proteins. Between that point below which the animal 
loses from its own weight and the maximum, Avhich seems to be depend- 
ent upon the digestive and assimilative capacity of the intestinal canal, a 
carnivora may be kept in nitrogenous equilibrium with varying quantities 
of proteins in the food. 

The supply of proteins, as well as the protein condition of the body, 
affects the extent of the protein metabolism. A body Avhich has become 
rich in proteins by a previous abundant meat diet must, to prevent a loss 
of proteins, take up more protein with the food than a body poor in pro- 
teins. ■■ 

In regard to the rapidity with which the protein catabolism takes place 
Falta ^ has found in man but not, or at least not to the same extent, in 
dogs, that quite great differences exist between the different proteins. 
Thus on feeding pure proteins the chief amount of the nitrogen is much 
quicker eliminated after feeding casein than after genuine ovalbumin. 
This latter is much easier demolished after a previous denaturization by 
coagulation than in the native state, Avhich indicates that an unequal resist- 
ance of the different proteins towards the digestive juices plays a part. 
Even on feeding with easily decomposable proteins it takes always several 
days before the total nitrogen corresponding thereto is eliminated, Avhich 
depends according to Falta upon a progressiA^e demolition of the protein. 
From the unequal rapidity with Avhich the different proteins are decom- 
posed it folio AAAS that in the passage from a diet poor in protein to one rich 
in protein the time within which nitrogenous equilibrium occurs depends 
chiefly upon the kind of protein contained in the food. 

Pettenkofer and Voit have made investigations on the metabolism 
of fat Avith an exclusively protein diet. These investigations have shoAAui 
that by increasing the quantity of proteins in the food the daily meta- 
bolism of fat decreases, and they have drawn the conclusion from these 
experiments, as detailed in Chapter X, that even a formation of fat may 
take place under these circumstances.- The objections presented by 
Pfluger to these experiments, as well as the proofs of the formation of 
fat from proteins, are also given in the above-mentioned chapter. 

According to Pfluger’s, doctrine, the protein can influence the forma- 
tion of fat only in an indirect way, namely^ in that it is consumed instead 
of the non-nitrogenous bodies and hence the fat and fat-forming carbo- 
hydrates are spared. If sufScient protein is introduced into the* food to 
satisfy the total nutritive requirements, then, the decomposition of fat 
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stops; and if non-nitrogonous food is takon at th© same tim©; this is iiGt 
consumed, but is stored up in the animal body, the fats as such, and the 
carbohydrates at least in great part as fat. 

Pfluger defines the “nutritive requirement ” as the smallest quantity 
of lean meat which produces nitrogenous equilibrium without causing any 
decomposition of fat or carbohydrates. At rest and at an average tem- 
perature it is found for dogs to be 2.073 to 2.099 grams of nitrogen ^ (in 
meat fed) per kilo of flesh weight (not body weight, as the fat, which often 
forms a considerable fraction of the weight of the body, cannot as it 
be used as dead measure). Even when the supply of protein is in excess 
of the nutritive requirements, Pfluger has found that the protein meta- 
bolism increases with an increased supply until the limit of digestive power 
is reached, which limit is about 2600 grams of meat with a clog weighing 
30 kilos. In these experiments of Pfluger 's all of the excess of protein 
introduced was not completely decomposed, but a part was retained by 
the body. Pfluger therefore defends the proposition “ that a supply of 
proteins only, without fat or carbohydrate, does not exclude a protein 
fattening/^ 

From what has been said on protein metabolism in starvation and with 
exclusive protein food it follows that the protein catabolism in the animal 
body never stops, that the extent is dependent in the first place upon the 
extent of protein supply, and that the animal body has the property, 
within wide limits, of accommodating the protein catabolism to the pro- 
tein supply. 

These and certain other peculiarities of protein catabolism have led 
VoiT to the view that all proteins in the body ai'e not decomposed with 
the same ease. Voit differentiates the protein fixed in the tissue-elements, 
so-called organized proteins, tissue-proteins, from those proteins which 
circulate with the fluids in the body and its tissues and which are taken up 
by the living cells of the tissues from the interstitial fluids washing them 
and are destroyed. These circulating proteins are, according to Von\ 
more easily and quickly destroyed than the tissue-proteins. When, 
therefore, in a fasting animal which has been previously fed with meat an 
abundant and quickly decreasing decomposition of proteins takes place, 
while in the further course of starvation this protein catabolism becomes 
less and more uniform, this depends .upon the fact that the supply of 
circulating proteins is destroyed chiefly in the first days of starvation an<l 
the tissue-proteins in the last days. - 

The tissue-elements constitute an apparatus of a relatively stal)le 
nature, which have the power of taking proteins from the fluids washing 
the tissues and appropriating them^ while their own proteins, the tisKSue- 
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proteins, are ordinarily catabolized to only a small extent, about 1 per 
cent daily (Voit). By an increased supply of proteins the activity of 
the cells and their ability to decompose nutritive proteins is also increased 
to a certain degree. When nitrogenous equilibrium is obtained after an 
increased supply of proteins, it denotes that the decomposing power of 
the cells for proteins has increased so that the same quantity of proteins 
is metabolized as is supplied to the body. If the protein metabolism is 
decreased by the simultaneous administration of other non-nitrogenous 
foods (see below), a part of the circulating proteids may have time to 
become fixed and organized by the tissues, and in this way the mass of 
the flesh of the body increases. During starvation or with a lack of pro- 
teins in the food the reverse takes place, for a part of the tissue proteins 
is converted into circulating proteins which are metabolized, and in this 
case the flesh of the body decreases. 

VoIT^s theory has been criticised by several investigators and espe- 
cially by Pfluger. Pfluger ’s statement, based on an investigation made 
by one of his pupils, Schondorff,^ is that the extent of protein destruction 
is not 'dependent upon the quantity of circulating proteins, but upon the 
nutritive condition of the cells for the time being — a view which is not 
very contradictory of Voit if the author does not misunderstand Pflu- 
ger. VoiT^ has, as is known, stated that the conditions for the destruc- 
tion of substances in the body exist in the cells, and also that the circu- 
lating protein, likewise according to Voit, is first catabolized after having 
been taken up by the cells from the fluids washing them. The point of 
VoiT^s theory is that all proteins are not destroyed in the body with the 
same degree of readiness. The organized protein, which is fixed by the 
cells and has become a part of the same, is destroyed less readily, accord- 
ing to Voit, than the protein taken up by the cells from the nutritive fluid, 
which serves as material for the chemical construction of the very much 
more complicated organized proteins. This nutritive protein, which cir- 
culates with the fluids before it is taken up by the cells, and which can 
exist in store in the cells as well as in the fluids, agreeably to Voit’s view, 
has been called circulating protein or supply protein by him. It is clear 
that these names may lead to misunderstanding, and therefore too much 
stress should not be put upon them. The most essential part of Voit ’s 
theory is the supposition that the food protein of the cells is more easily 
destroyed than the organized, real protoplasmic protein, and this asser- 
tion can hardly, for the present, be considered as refuted or exactly 


^ Pfiiiger, Pfluger’s Arch., 54; Schondorfi, ibid,, 54. 
^ Zeitschr. f. Biologie, 11. 
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The investigations in recent years, especially those of Folixs", whicli 
show that the amount of certain nitrogenous urinary constituents, siieli as 
creatinine, uric acid and the combinations containing neutral sulphur are 
nearly independent upon the quantity of portein taken as food, while tlie 
quantity of urea is determined by the protein partaken of, speaks without 
any doubt in favor of Voit’s view that we must differentiate between the 
real cell protein and the food protein. This has also led Folin to differen- 
tiate betw’een endogenous and exogenous protein metabolism. The ex- 
perience on protein feeding and the endeavor of the body, as obseix'ed 
by ScHREUER,^ on going to an ordinary diet after abundant protein feeding, 
to remain at the old state previous to the over feeding of protein, speak 
also for the fact that protein retained by the body is not quite the same 
as the other body protein. 

This question is intimately connected with another, namely, whether 
the food proteins taken up by the cells are metabolized as such or W’hether 
they are first organized, i.e., are converted into specific cell protein. The 
investigations of Panum and Fauck and others - on the transitory prog- 
ress of the elimination of urea after a meal rich in proteins throw’s light 
on this question. From experiments upon a dog it was found that the 
elimination of urea increases almost immediately after a meal rich in pro- 
teins, and that it reaches its maximum in about six hours, w^hen about one 
half of the quantity of nitrogen corresponding to the administered proteins 
is eliminated. If we also recollect that, according to an experiment of 
Schmidt-Mulheim ^ upon a dog, about 37 per cent of the given proteins 
are absorbed in the first tw^o hours after the meal and about 59 per cent 


in the course of the first six hours, it may then be inferred that the in- 
creased elimination of nitrogen after a meal is due to a catabolization of 
the digested and assimilated proteins of the food not previously organized. 
If it is admitted that the catabolized protein must have been organized, 
then the greatly increased elimination of nitrogen after a meal rich in 
proteins supposes a far more rapid and comprehensive destruction and 
reconstruction of the tissues than has been generally assumed. 

' The extensive cleavage of the proteins in digestion and the repeatedly 
observed deamidation of arnino acids in the animal body make it |)rob- 
able that the abundant elimination of nitrogen after a diet rich in pro- 
tein is in great part due to a progressive demolition of the food protein in 


^ ^ Folin, Amer, Joiim. of Physiol., 13; Schreuer, PflugeFs Arch., 110. 

®Panum,'Nord. Med, Arkiv..,, 6; Falok, see Hermann's Plandbuch, S, Part 
For further statements in regard to. the curve of nitrogen elimination in man, see '' 
loff, Korrespond. Blatt Schweiz. Aerzte, 1896? Rosemann, PffugeFs Arch., i 
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^ NUTRITIVE' VALUE OP GELATINE. 

digestion whereby certain atomic complexes are more readily split than 
others. The abundant elimination of nitrogen by the urine after par- 
taking considerable protein may also depend in great part upon these 
nitrogenous atomic complexes which are split off and whose nitrogen is 
split off as ammonia and therefore cannot be used by the body. The 
abundant formation of ammonia in the cells of the digestive apparatus 
after food rich in proteins, as observed by Nencki and Zaleskt^ seem to 
speak in favor of this view. 

In this connection it must be recalled that, according to the investi- 
gations of Riazantseff, substantiated by Schepski, after partaking of 
food an increased nitrogen elimination depends in part upon the increased 
work of the digestive glands. The observations of Riazantseff ^ that 
after so-called '‘apparent feeding’’ an increased elimination of nitrogen 
occurs has not been confirmed by the recent observations of Cohnheim 
and therefore cannot be considered as conclusive. 

It has been stated above that other foods may decrease the catabolism 
of proteins. Gelatine is such a food. Gelatine and the gelatine- formers do 
not seem to be converted into protein in the body, and this last cannot 
be entirely replaced by gelatine in the food. For example, if a dog is fed 
on gelatine and fat, its body sustains’ a loss of proteins even when the 
quantity of gelatine is so large that the animal, with an amount of fat 
and meat containing just the same quantity of nitrogen as the gelatine in 
question, may remain in nitrogenous equilibrium. On the other hand, 
gelatine, as Voit, Panum, and Oerum® have shown, has a great value as 
a means of sparing the proteins, and it may decrease the catabolism of 
proteins to a still greater extent than fats and carbohydrates. This is 
apparent from the following summary of Voit’s experiments upon a dog: 


Pood per Day. Fleslx. 


r — — 

Meat. 

Oelatine. 

Fat. 

Sugar. 

Catabolized. 

On the Body'. 

400 

0 

200 

0 

450 

-50 

400 

0 

0 

250 

439 

-39 

400 

200 

0 

0 

356 

+ 44 


I. Munk ^ has later arrived at similar results by means of more deci- 
sive experiments. He found in dogs that on a mixed diet which con- 
tained 3.7 grams protein per kilo of body, of which hardly 3.6 grams was 
catabolized, nearly | could be replaced by gelatine. The same dog cata- 


^ Arch, des scienc. biol. de St. P^tersbourg 4; Salas^n,, Zeitschr. f. physiol. Chem. 
25; Nencki and Zaleski, Arch. f. exp. Path. u. Pharm. 37. 

^ Arch, des scienc. biol. de St. P^tersboui^, 4, 393; Schepski, Malyhs Jahresber,, 30; 
Cohnheim, Zeitschr. f. physiol., Chem. 46 . * . ^ 

Voit, 1. c., 123; Panum and Oerum, Nord. Med. Arkiv., 11 , , 

^PjatigePs Arch., 58. 
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boiized on the second da}^ of starvation three times as much protein as 
with the gelatine feeding. Mxjnk states also that gelatine has a much 
greater sparing action on proteins than the fats or the carbohydrates. 

This ability of gelatine to spare the proteins is explained by Voit by 
the fact that the gelatine is decomposed instead of a part of the circulat- 
ing proteins, whereby a part of this last may be organized. 

The recent investigations of Khummacher and Kirchmann show the 
extent of the sparing action of gelatine upon proteins. The extent of 
protein destruction during gelatine feeding was compared with the extent 
of protein catabolism in starvation; and it was found that 35-37.5 per 
cent of the quantity of protein decomposed in starvation could be spared 
by gelatine. The physiological availability of gelatine was found by 
Krummacher to be equal to 3.88 calories for 1 grani; which corresponds 


to about 72.4 per cent of the energy-content of the gelatine. Kaupmank,^ 
who experimented upon dogs, found that J of the protein nitrogen could 
be readily replaced by gelatine nitrogen, while in an experiment upon 
himself with 93 per cent gelatine nitrogen, 4 per cent tyrosine nitrogen. 
2 per cent cystin nitrogen, and 1 per cent tryptophane nitrogen, he found 
instead of the equal quantity of protein nitrogen in the periods before and 
after, that the gelatine replaced by amino acids had nearly the same 
physiological value as the proteins. 

Gelatine may also decrease somewhat the consumption of fat, although 
it is of less value in this respect than the carbohydrates. 

The question of the nutritive value of proteoses (and peptones) stands 
in close relationship to the nutritive value of the proteins and gelatine. 
The early investigations made by Maly, Plosz and Gyergyay, and 
Adamkiewicz have led to the conclusion that with food which contains 
no proteins besides peptones (proteoses) an animal may not only preserve 
its nitrogenous equilibrium, but its protein condition may even increase. 
According to recent and more exact investigations by Pollitzer, Zuntz, 
and Munk the proteoses have the same nutritive value as proteins, at 
least in short experiments. According to PoimiTZER this is true for differ- 
ent proteoses as well as for true peptone; but this does not correspond 
with the experience of Ellinger,^ who finds that the true antipeptone 
(gland peptone) is not able to entirely replace proteins or to prevent the 
loss of protein in the animal body. On the contrary, according to him, it 


^ Krummacher, Zeitschr. f. Biologie, 42; Kirchmann, ibid,, 40; Kaufmann, Pfluger^s 
Arch., 100. ■ - 

^Maly, PMgePs Arch,, 9; Plosz and Gyergyay, ibtd,, 10; Adamkiemez, Natur 
tmd der N^hrwerth des Peptons" (Berlin, 1877); Pollitzer, PfiiigePs Arch., 87, 301; 
. Zuntz, ibtd., 8lS; Munk, Oentralbl. f. d. med. ■ Wiissensch., 1889, 20, and Beutsch. 

, ^ iped; Woohepj^ibr,^ 1889; Eliiager^ Zd.tscl^.' t Biologie, (literature). 
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has/ like gelatine; the property of sparing proteins. Voit long ago ex- 
pressed a similar view. According to him the proteoses and peptone may 
indeed replace the proteins for a short time, but not permanently; they 
can spare the proteins, but cannot be converted into proteins. According 
to tiie researches of Blum ^ the different proteoses have various nutritive 
values. In his experiments the heteroproteose from fibrin could not re- 
place the proteins of the food, while casein protoproteose had this property. 

The question as to the nutritive value of proteoses and peptones has 
turned in a new direction, due to the more recent views, as mentioned in 
Chapter IX , on the absorption of proteins where the proteins are not ab- 
sorbed chiefly as proteoses and peptones, but as simpler cleavage products. 
From these simple products as mentioned in a previous chapter (IX on 
absorption) a synthesis of protein can take place in the body. Even if 
such a synthesis takes place and if it were possible to nourish the body for 
a long time with a mixture of digestion products still it does not follow 
that proteoses and peptones can completely replace the proteins of the food. 
The proteoses and peptones are formed by cleagages, and perhaps certain 
atomic complexes are absent which occur in the mixture of cleavage pro- 
ducts and w^hich are necessary for a regeneration of special protein bodies. 

We have a number of investigations ^ upon the value of asparagin, and 
the results are still not conclusive so that quite positive deductions can be 
drawn from them. The experiments upon herbivora seem to indicate that 
the asparagin has hardly any action upon the deposition of protein while 
it can have an indirect protein sparing action and may serve in producing 
temperature. The protein sparing action seems, at least in part, to be 
explained by its excelerating action upon digestion. In carnivora (I. 
I^fuxK) and in mice (Voit and Politis) it was found that asparagin has 
only a very slight, if any, sparing action on the proteins. It is not known 
how it acts in man. 

Metabolism on a Diet consisting of Protein, with Fat or Carbohydrates. 

Fat cannot arrest or prevent the catabolism, of proteins; but it can decrease 
it, and so spare the proteins. This is apparent from the following table of 
Voit.® A is the average for three days, and B for six days. 

Food. Flesli. 

Meat. Eat. Metabolized. On the Boay, 


A 1500 0 1512 -12 

B 1500 150 1474 +26 


^ Zeitselir. f. physiol. Chem., 30: Voit, L c., 394. 

^ Weiske, Zeitschr. f. Biologie, 15 and 17, and CentralbL f. d. med. Wissensch., 1890, 
945; Hunk, Virchow's Arch., 94 and 9$; Politis, Zeitschr, f. Biologie, 28. See also 
Mautlmer, ibid., 28; Gabriel, ibid., 29; and Voit, ibid., 29, 125; Kellner, Maly's Jahresber, 
27, and Zeitschr. f. Biologie, 39; Kellner and Kohler, Chem, Centraibl, 1, 1906. VOltz 
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According to Voit the adipose tissue of the body acts like the ioo(i-fat« 
and the protein-sparing effect of the former may be added to tiiat of the 
latter, so that a body rich in fat may not only remain in nitrogenous cciui- 
librium, but may even add to the store of body proteins, wliile in ii lean 
body with the same food containing the same amount of proteins and fat 
there would be a loss of proteins. In a body rich in fat a greater quantity 
of proteins is protected from metabolism by a certain (juantity of fat iiian 
in a lean bod 30 

Because of the sparing action of fats an animal to wliose food fct is 
added may, as is apparent from the table, increase its store of ])ruiein 
with a quantity of meat which is insufficient to preserve nitrogenous eijui- 
librium. 

Like the fats the carbohydrates have a sparing action on the protc.^ins. 
By the addition of carbohydrates to the food the carnivora not on!}' re- 
mains in nitrogenous equilibrium, but the same quantity of meat whicli in 
itself is insufficient and which without carboln^drates would cause a loss 
of weight in the body ma}" with the addition of carboh3'drates prodiu'e a 
deposit of proteins. This is apparent from the following table: ^ 


Food. Fleslu 

A. ^ .V. : , - i iB M i M ir mi-- 


Aletit. 

Fat. 

Sugar. 

starch. 

Metabolized. 

Oil the Body 

500 

250 


558 

- 58 

500 


300 


400 

+ 34 

500 


200 


505 

“ - 5 

800 



250 

, 745 '• ' 

+ 55 

800 

260 



773 

4- 27 

2000 



2o6~ko 

1792 

+ 208 

2000 

^50 



18S3 

+ 117 


The sparing of protein by carbohydrates is greater, as shown !)y the 
table, than b}^ fats. According to Voit the first is on an average 11 per 
cent and the other 7 per cent of the administered protein without a. |)revi- 
ous addition of non-nitrogenous bodies. Increasing quantities of carbo- 
h3Tlriites in the food decrease the protein metabolism more regular!}' and 
constantly than increasing quantities of fat. Atw'ater and Benedict^ 
also found that the carbohydrates had a somewdiat greater sparing action 
upon proteins than fats. 

Because of this great protein-sparing action of carbohydrates the her- 
bivora, which as a rule partake of considerable quantities of carboh3'(lrates, 
assimilate proteins readily (Voit).- 

The greater protein-sparing" action ' of carbohydrates as compared to 
that of the fats occurs, as shown by LANOERGRBisr/ to a still higher degree 
with food poor in nitrogen or in'‘mtrogen/starvation, in w^hich eases the 

" 143 .-’ .. ; ■ 

V and;Sk^^ ■■■ 


' SPARING ACTION OF. CARBOHYDRATES' AND' TATS;,: 

carbohydrates have double the protein-sparing action as compared to an 
isodynamic quantity of fat. 

The protein-sparing action of the carbohydrates and fats has generalty 
been studied by the one-sided feeding, with one or the other of these two 
groups of foodstuffs. The question may be raised whether the difference 
observed between the fats and carbohydrates could not be brought about 
also by the simultaneous supply of carbohydrates and fat in varying pro- 
portions. Tallquist ^ has made a series of experiments on this subject. 
In one of the periods 16.27 grams N, 44 grams fat, and 466 grazns carbo- 
hydrate were given; in a second, 16.08 grams N, 140 grams fat, and 250 
gTanxs carbohydrate, containing nearly the same number of calories, 
namely, 2867 and 2873 calories. In both cases nearly a complete nitro- 
genous equilibrium was reached and the carbohydrate did not spare .more 
protein than the fat. It is therefore possible that the fat has about the 
same pfotein-sparing action as an .isodynamic amount of carbohydrate 
when the quantity of carbohydrates does not sink below a certain mini- 
mum, which is not known for the present. 

This condition as well as the extent of protein-sparing action of the 
carboh^’^drates stands, according to Landergren,^ in close relation to the 
formation of sugar in the body. The animal body alwa 3 ''s needs sugar, 
and a lack of carbohydrates in the food leads to a part of the proteins being 
used in the sugar formation. This part can be spared by carbohydrates 
but not by fats, from which, according to Landergren, the carbohydrates 
cannot be formed. In this lies also the probable reason why the fats, on 
being fed exclusively but not with a sufficient supply of carbohydrates, 
have a much lower protein-sparing action than the carbohydrates. The 
fats cannot prevent the protein catabolism necessary for the formation of 
sugar on a diet lacking in carbohydrates. 

The law as to the increased protein catabolism with increased protein 
supply applies also to food consisting of protein with fat and carbohydrates. 
In these eases the body tries to adapt its protein catabolism to the supply; 
and when the daily calorie-supply is complete!}' covered by the food, the 
organism can, within wide limits, be in nitrogenous equilibrium with dif- 
ferent quantities of protein. 

The upper limit to the possible protein catabolism per kilo and per day 
has only been determined for herbivora. For human beings it is not 
known, and its determination from' a practical standpoint of secondary 
importance. What is more important is to ascertain the lower limit, and 
on this subject we have several experiments upon man as w^ell as upon 


1 Finska .Lakaresallskapets hattdl,, 4, Hygiene, 41. 

^ L. c., Inaug.-Diss, See also Skand. Arch, f . Physiol., 14, 
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dogs by Hirschfeld, Kumagawa, Klemperer, Muntc, Rosenheim/ and 
others. It follows from these experiments that the lower limit of protein 
needed for human beings for a week or less is about 30-40 grams or 0,4- 
0.6 gram per kilo with a body of average weight, v. Noorden ^ considers 
0.6 gram protein (absorbed protein) per kilo and per day as the lower 
limit. The above-mentioned figures are only valid for short series of ex- 
periments; still there exist the observations of E. Voit and Constantinidi 
on the diet of a vegetarian when the protein condition was kept neaily 
normal but not completely for a long time with about 0.6 gram of protein 
per kilo. Caspari ^ has also made observations upon a vegetarian and for 
a period of 14 days with an average of 0.1 gram nitrogen (recalculated as 
equal to 0,62 gram protein) per kilo where a nearly complete nitrogenous 
equilibrium was observed as the average result. 

According to VoIT^s normal figures, which will be spoken of below, for 
the nutritive need of man an average working man of about 70 kilos 
weight requires on a mixed diet about 40 calories per kilo (true calories 
or net calories). In the above experiments with food very poor in protein 
the demand for calories was considerably greater; as, for instance, in cer- 
tain cases it was 51 (Kumagawa) or even 78.5 calories (Klemperer). It 
therefore seems as if the above very low supply of protein was only possible 
with great waste of non-nitrdgenous food; but in opposition to this it must 
be recalled that in Voit and Constantinidi 's experiments upon the veg- 
etarian, w^ho for years was accustomed to a food very poor in protein and 
rich in carbohydrate, the calories amounted to only 43.7 per kilo. In the case 
studied by Caspari a supply of 41 calories per kilo was entirely sufficient. 

SiVEN has shown by experiments upon himself that the adult human 
organism, at least for a short time, can be maintained in nitrogenous equi- 
librium with a specially low supply of nitrogen without increasing the calo- 
ries in the food above the normal. With a supply of 41-43 calories per 
kilo he remained in nitrogenous equilibrium for four days with a supply 
of nitrogen of 0.08 gram per kilo of body w’-eight. Of the nitrogen taken, 
a part was of a non-protein nature and the quantity of true protein nitro- 
gen was only 0,045 gram, corresponding to about 0.3 gram of protein per 
kilo of body weight. That this low limit, which by the way only holds 
for a short time, has no general validity follows from other obseiwatlons. 
Thus Caspari ® also, in an experiment on himself, could not attain com- 

^ See footnote 4, page 738; also Munk, Arch. f. (Anat, u.) Physio!,, 1891 and 1896; 
Rosenheini, ibid,, 1891; PfiugeFs Arch,, 54. 

, . ^ Grundriss einer Methodik der Stofiwechseluntersuchuiigen. Berlin, 1892, 

® &itschr. f. Biologie, 25. 

^ Physiologische Studien xiber Vegetarismus, Bonn, 1905. 

®Slv^n, Skand. Arch. f. Physiol, 10 and 'll; Caspari, Arch. f. (Anat. u,) PhyaioL 
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plete nitrogenous equilibrium on a much greater nitrogen supply. The 
protein minimum seems also to be different for various individuals* 

Ihe very important question as to the conditions favoring the depo- 
sition of fat and flesh in the body is closely associated with what has just 
been said in regard to foods consisting of protein and non-nitrogenous 
foodstuffs. In this connection it must be remembered in the first place 
that all fattening presupposes an overfeeding, i.e., a supply of foodstuffs 
which is greater than that catabolized in the same time. 

In carnivora a flesh deposition may take place on the exclusive feeding 
with meat. This is not generally large in proportion to the quantity of 
protein catabolized. As shown by an experiment upon a male cat by 
Pfluger ^ this may be so great that the body doubles in weight under 
favorable conditions. In man and herbivora, on the contrary, the demand 
for calories may not be covered by protein alone, and the question as to 
the conditions of fattening with a mixed diet is of importance. 

These conditions have also been studied in carnivora, and here, as 
VoiT has shown, the relationship between protein and fat (and carbo- 
hydrates) is of great importance. If much fat is given in proportion to 
the protein of the food, as with average quantities of meat with consider- 
able addition of fat, then nitrogenous equilibrium is only slowly attained 
and the daily deposit of flesh, though not large, is quite constant, and 
may become greater in the course of time- If, on the contrary, much 
meat besides proportionately little fat is given, then the deposit of protein 
with increased catabolism is smaller day by day, and nitrogenous equi- 
librium is attained in a few days. In spite of the somewhat larger deposit 
per diem^ the total flesh deposit is not considerable in these cases. The 
following experiment of Voit may serve as example: 


K-umber of 
Days of Ex- 
perimentation. 

Food. 

Total 
Deposit of 
Flesh. 

1 ' 

Daily 
Deposit of 
Flesh. 

Nitrogenous 

Equilibrium. 

Meat, Grams, 

Fat, Grains. 

32 


250 

1792 

! ^56-::-: 

Not attained 

7 


250 

854 

: . 122 ; : 

Attained 


The greatest absolute deposition of flesh in the body was obtained in 
these cases with only 500 grams of meat and 250 grams of fat, and even 
after 32 days nitrogenous equilibrium had not occurred. On feeding with 
1800 grams of meat and 250 grams of fat nitrogenous equilibrium was 


established after seven da 3 ^s; and though the deposition of flesh per day 
was greater, vStili the absolute deposit was not one half as great as in the 
former case. 

The experiments of Krug upon himself, under the direetion of v. 
Noorben, give us information as to the practicability of flesh deposition 
in man. With abundant food (2590 cal. =44 caL per kilo) Krug was 
close to nitrogenous equilibrium for six da 3 ^s. He then increased the 
nutritive supply to 4300 cal. = 71 cal. per kilo for fifteen days by the addi- 
tion of fat and carbohydrate, and in this time 309 grams of protein, corre- 
sponding to 1455 grams of muscle, was spared. Of the excess of admin- 
istered calories in this case only 5 per cent was used for flesh deposit and 
95 per cent for fat deposit. On the other hand Bornstein,^ also experi- 
menting upon himself, without any considerable increase in calories, could 
produce, an increase in his protein condition by about 100 grams of 
protein, corresponding to 500 grams of flesh, in the course of fourteen day's 
simply by increasing the supply of protein (50 grams of nutrose = sodium 
casein with 7 grams N per day). 

Bornstein arrived at still better results in regard to protein retention 
by simultaneous muscle work, as in these cases the nitrogen retention 
corresponded to a flesh deposit of 800 grams. The importance of work 
for the so-called protein deposition follows also from many other obser- 
vations, and it is in agreement with daily experience that a man cannot 
be made muscle-strong by over-feeding alone. A work-hypertrophy 
must also be introduced. 

Boenstein and Schreuer ^ have given further proof for the possi- 
bility of a protein deposition in man and animals (dogs) and there is no 
doubt that the body becomes richer in active cell masses after abundant 
supply of protein. This increase seems still, according to Schreuer, not 
to be continuous, and the question to what extent the nitrogen retention 
in so-called protein overfeeding in full-growm animals and man is to be 
considered as a true flesh enrichment i.e., a new formation of living ti>ssue, 
seems to require further proof. 

The conditions in young, growing individuals are different than in 
adults. In the first the protein is necessary for the building up of the 
growing tissue and in them an abundant true flesh deposition takes place. 
For this protein fattening the amount of supply does not take first place 
but rather the energy of development. The growing body of the nursling 
also uses according to Rubner and Heubner,® the protein of the food 

^ Kmg, cited from v. Noorden, Lehrfouch der Pathologie des StoffwcchseL, 2 AtifL 
557 ; Bomstein Berl. klin, Wochenschr., 189S, and BSuger's Arch,. and 106, 

® PflOger’s Arch., 110. ' 

^Zeitschr.'.t exp. Path. .■a.^Themp, 1#,,/ 
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essentiallj^ to replace the quantity of protein eat.abolized and for deposi- 

■'tion./ , ,, 

It is difficult to produce a permanent flesh deposit in man by overfeed- 
ing alone. Flesh deposition is, according to v. Nooeden, a function of 
the specific eneigy of the developing cells and the cell-work to a much 
higher extent than the excess of food. Therefore there is observed^ 
according to V. No oeden, abundant flesh deposition (1) in each growing 
body; (2) in those no longer growing but whose body is accustomed to 
increased work; (3) whenever, by previous insufficient food or by disease, 
the flesh condition of the body has been diminished and therefore requires 
abundant food to replace the same. The deposition of flesh is in this case 
an expression of the regenerative energy of the cells. ^ 

The experiences of graziers show that in food-animals a flesh deposit 
does not occur, or at least is only inconsiderable, on overfeeding. The 
individuality and the race of the animal are of importance for flesh depo- 
sition. 

As above stated (Chapter X), respecting the formation of fat in the 
animal body, the most essential condition for a fat deposition is an over- 
feeding with non-nitrogenous foods. The extent of fat deposition is deter- 
mined by the excess of calories administered over those actually needed. 
If a large part of the calorie-demand is covered by protein, then a greater 
part of the non-nitrogenous foodstuffs simultaneously ingested is spared, i.e., 
used for fat deposition. But as protein and fat are expensive nutritive 
bodies as compared with carbohydrates, the supply of greater quan- 
tities of carbohydrates is important for fat deposition. The body decom- 
poses less substance at rest than during activity. Bodily rest, besides a 
proper combination of the three chief groups of organic foods, is therefore 
also an essential requisite for an abundant fat deposit. 

Action of Certain Other Bodies on Metabolism. Water. If a quantity 
in excess of that which is necessary is introduced into the organism, the 
excess is quickly and principally eliminated with the urine. This in- 
creased elimination of urine causes in fasting animals (Voit, Forstee), 
but not to any appreciable degree in animals taking food (Seegen, Sal- 
KowsKi and Munk, Maybu, .Dubelie^), an increased elimination of nitro- 
gen. The reason for this increased nitrogen excretion is to be found in 
the fact that the drinking of much water causes a complete washing out 
of the urea from the tissues. Another view, which is defended by Yoit, 


^ See also Svenson, Zeitschr. f. klin. Med., 43. 

Uiitersuch, iiber den Einfluss des Kochsalzes, etc. (Mtmehen, 1860); Forster, 
cited from Voit in Hennann^s Handbueh, 6, 153; Seegen, Wien. Siteungsber., 63; Sal, 
kowsld and Munk, Virchow's Arch., 71; Mayer^ Zeitschr. f. klin. Med., 2; Dubelir- 
Zeitschr. f. Bioiogie, 28. 
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is that because of the more activh current of fluids, after taking largo 
quantities of water an increased metabolism of proteins takes place. oi't' 
considers this explanation the correct one, although he does not deny that 
hj the liberal administration of water a more complete washing out of 
the urea from the tissues takes place. The views on this question are 
still somewhat contradictory.^ 

When the body has lost a certain amount of water, then the abstinence 
from water (in animals) is accompanied by a rise in the protein metabo- 
lism (Landauer, Straub 2). In regard to the action of water on the 
formation of fat and its metabolism, the view that the free drinking ol: 
water is favorable for the deposition of fat seems to be generally admitted, 
while the drinking of only very little water acts against its formation. 

Salts, The statements are somewhat contradictory in regard to the 
action of salts, for example sodium chloride and the neutral salts, which 
partly depends upon the use of large and varying amounts of salt in the 
experiments. Recent investigations of Straub and Rost ® have shown 
that the action of salts stands in close relationship to their power of 
abstracting water. Small amounts of salt which do not produce diuresis 
have no action on metabolism. On the contrary, larger amounts which 
bring about a diuresis which is not compensated by the ingestion of water, 
produce a rise in the protein metabolism. If the diuresis is compensated 
by drinking w^ater, then the protein metabolism is not increased by salts, 
blit is diminished to a slight degree. An increased nitrogen excretion 
caused by taking salts can be somewhat increased by the ingestion of 
winter and thus increasing the diuresis, and the action of salts seems to 
bear a close relationship to the demand and supply of water. 

Alcohol, The question as to how far the alcohol absorbed in the intes- 
tinal canal is burnt in the body, or whether it leaves the body unchanged 
by various channels, has been the subject of much discussion. To all 
appearances the greatest part of the alcohol introduced (95 per cent or 
more) is burnt in the body (Stubbotin, Thudichum, Bodlander, Bkne- 
niCBNTi ^). As the alcohol has a high calorific value (1 gram = 7 calories), 
then the question arises w^hether it acts sparingly on other bodies, and 
whether it is to be considered as a nutritive substance. The older inves- 
tigations made to decide this question have led to no decisive result. The 
thorough investigations of Atwater and Benedict, Zuntz and GKriMUiT, 


^ See R. N'enmann, Arch. 1 Hygiene, 36; Heilner, Zeitschr. f. Biologie, 47; Hawk, 
University of Pennsylvania Med. Bulk, xviii. 

^ Landauer, Malyhs Jahresber., 24; Straub, Zeitschr. f. Biologie, 37, 

®W. Straub, Zeitschr. f. Biologie, 37 and 38; Rost, Arbeiten aus d, Kaiserliche 
Gesundheitsamte, 18 (literature). See also Grtlber, Malyhs Jahresber., 30, 612. 

^Arch. f. (Anat. u.) Physiol., 1^96, wMeh contains the literature. 


INFLUENCE, OF : WEIGHT OF 'BODY AND: AGE..,, 

Bj,eebe, Clopatt^ Neumann, Offer,..- Rosemann/ and others, seem to 
show positively that in man alcohol can diminish the consumption not 
onl}^ of fat' and carbohydrates, but also the proteins, although at first, 
due to its poisonous properties, it may increase the protein metabolism 
for a short time. The nutritive value of alcohol can only be of special 
importance in certain cases, as large amounts of alcohol taken at one time, 
or the continued use of smaller quantities, has an injurious action on the 
organism. Alcohol may therefore be regarded as a foodstuff only in 
exceptional cases, and in other respects must be considered as an article 
of luxury. 

Coffee and tea have no action on the exchange of material which can be 
positively proved, and their importance lies chiefly in their action upon 
the nervous system. It is impossible to enter into the effect of various 
therapeutic agents upon metabolism. 

V. The Dependence of Metabolism on Other Conditions, 

The so-called starvation requirement which was previously mentioned, 
i.e., the extent of metabolism with absolute rest of body and in activity of the 
intestinal tract, serves best as a starting-point for the study of metabolism 
under various external circumstances. The metabolism going on under 
these conditions leads in the first place to the production of heat, and it is 
only to a subordinate degree dependent upon the work of the circulatory 
and respiratory apparatus and the activity of the glands. According to a 
calculation by Zuntz,^ only 10-20 per cent of the total calories of the 
starvation requirement belongs to the circulation and respiration work. 

The magnitude of the starvation requirement depends in the first place 
upon the heat production necessary to cover the loss of heat, and this heat 
production is in turn dependent upon the relationship between the weight 
and the surface of the body. 

Weight of Body and Age, The greater the mass of the body the greater 
the absolute consumption of material; while, on the contrary, other things 
being equal, a small individual of the same species of animal metabolizes 
absolutely less, but relatively more as compared with the unit of the 
weight of the body. It must be remarked that the relation between flesh 
and fat in the body exerts an important influence. The extent of the 
metabolism is dependent upon the quantity of active cells, and a very fat 


^ In regard to the literature on this subject,' see the works of O. Neumann, Arch. f. 
Hygiene, *16 and 41, and Rosemann, PfliigeFs Arch., 86 and 94. A summary of the 
entire literature upon alcohol can be formed in Abderhalden, '' Bibliographic der ges- 
amten wissenschaftlichen Literature tiberden Alcohol und den Alcohoiismus, ” Berlin 
and Wien, 1904. ' - ■ 

. ^ Cited from v. Noorden^s Handbuch. 2 Aufl. 
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individual therefore decomposes less -substance per kilo than a. lean person, 
of the same weight. According to Ritbner^ the importance of the size 
of the flesh or cell-mass in the body is overestimated. In his investiga- 
tions on two boys, one of whom was corpulent and the other noiinally 
developed, and on comparing the food-need with that found by Cameree 
for boys of the same weight, Rubner came to the result that the exchange 
of force in the corpulent boy almost completely corresponded with that 
in the non-corpulent boy of the same weight. By approximately esti- 
mating the quantity of fat in the body Rubner was also able, from tlie 
protein condition, to compare the calculated exchange of energy with 
that actually found. The exchange per kilo amounted to 52 calories in 
the lean and 43.6 cal. in the fat boy, while, if the protein condition \¥as a 
measure, one would expect an exchange of calories of only 35 cal. for the 
fat person. We cannot therefore admit of a diminished activity of the 
cell-mass in the fat boy, but rather an increased activity. According to 
Rubner it is not the flesh-mass (protein mass) alone, but its variable 



functional changes, which determines the extent of decomposition. In 
women, who generally have less body weight and a greater quantity of 
fat than men, the metabolism in general is smaller, and the latter is ordi- 
narily about four fifths that of men. 

The question as to what extent sex specially influences metabolism 
remains to be investigated. Tigerstedt and Sond^n ^ found that in the 
young the carbon-dioxide elimination, per kilo of body weight as well as 
per square meter of body surface, was considerably greater in males than 
in females of the same age and the same weight of body. This difference 
between the two sexes seems to disappear gradually, and at old age it 
is entirely absent.® 

The essential reason why small animals catabolize relatively more 
substance than large ones, when calculated per kilo body weight, is that 
the bodies of smaller animals have greater surface in proportion to their 
mass. On this account the loss of heat is greater, which causes increased 
heat production, i.e., a more active metabolism. This is also the reason 
why young individuals of the same kind show a relatively greater meta- 
bolism than older ones. If the heat production and carbon-dioxide 
elimination is calculated on the unit of surface of the body, we find, on 
the contrary, as the experiments of Rubner, Richet,"^ and others show, 

^ Beitrage sur Emahruiig im Knabenalter, etc. Berlin, 1902 

^Skand. Arch, f. Physiol,, 6. 

^ In regard to metabolism and its relationship to the phases of sexual life and espe- 
cialiy under the influence of menstruation and .pregnancy, see the investigations of A. 
Ver Eecke (Bull. acad. roy. dem4d. fle Belgique, 1897 and 1901, and Maly's Jahresher., 

i|||||f|||||||l||||||^ 
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that tliey vary only slightly from a certain average in individuals of differ- 
ent, weights. 

According to Rubner A; rule ■ aS' to the ' influence of the' surface, which 
has been recently formulated by E. Voit, the need of energy in homoio- 
thermic animals is influenced by the development of their surface w-hen 
their body is given rest, medium surrounding temperature, and relatively 
equal protein condition. This rule not only applies to adult human beings 
but also to children and growing individuals (Rubner, Oppenheimbr). 
The surface is the essential factor in determining the extent of exchange 
of energy. In order to show^ this we will give here, from a work of Rub- 
ner d the figures representing the quantity of heat in calories for 1 square 
meter of surface for t^venty-four hours. 


Adult, medium diet, rest 1189 Calories, 

Adult, medium diet, work 1399 “ 

Suckling 1221 

Child with medium diet 1447 

Aged men and women 1099 

Women 1001 “ 


The variation in the calorific values ^ found by many investigators, 
which is sometimes not very small, speaks for the fact that the surface 
rule is not alone decisive for the exchange of material in resting animals. 
Still it is generally considered that it is of the greatest importance for 
metabolism. 

The more active metabolism in young individuals is apparent when 
we measure the gaseous exchange as well as the excretion of nitrogen. 
As example of the elimination of urea in children the following results of 
Camerer ate of value: 


Age. Weight of Body in Kilos, Kilo. 

years 10.80 12.10 1.35 

3" 13.30 11.10 0.90 

5 '' 16.20 12.37 0.76 

7 18.80 14.05 0.75 

9 25.10 17,27 0.69 

12^ 32.60 17.79 0.54 

15‘' “ 35,70 17.78 0.50 


In adults weighing about 70 kilos, from 30 to 35 grams of urea per day 
are eliminated, or 0.5 gram per kilo. At about fifteen years of age the 
destruction of proteins per kilo is about the same as in adults. The rela- 
tively greater metabolism of proteins in young individuals is explained 
partly by the fact that the metabolism of material in general is more active 

^ Rubner,. Ernalirung !m Knabenalter, pagO' 45:; E. Volt, Zeitschr. t Biologie, 41 ; 
Oppenbeimcr, 42. _ ■ 

^ See Magnus-Levy, PfiiigeFs Arch., 55 ; Slo^zoff .(u. Zuntz}, S5» . ; , ■ ^ 

® Zeitschr* f. Biologie, and. 20.-' 
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■ partly by the fact that -young animals are,, as a mlej 
poorer in fat than those full grown, 

: According to Tigerstedt and Sonden the greater metabolism In, young 

animals depends nevertheless also in part on the fact that in these indi- 
viduals the decomposition in itself is more active., than in older ones. The 
period of growth has a considerable influence on the extent of metabolism 
(in man), and indeed the metabolism^ even when calculated on the imit 
of surface of body, is greater in youth than in old age. / This view is 
strongly disputed by Rubner. He does not deny that differences exist 
between young and adult individuals which may be considered as a devia- 
tion from the above rule; still these differences may, according to Rubner, 
be dependent upon the work performed, the food, and the nutritive condi- 
tion. Magnus-Levy and Falk ^ have reported observations which sup- 
port the views of Sonden and Tigerstedt. 

In old age the metabolism is very much reduced; and even wdien calcu- 
lated upon the square meter of surface of body it is lower than in an indi- 
vidual of medium age. 

As the metabolism may be kept at its lowest point by absolute rest of 
body and inactivity of the intestinal tract, it is manifest that work and 
the ingestion of food have an important bearing on the extent of metabo- 
lism. 

Rest and Work^ During work a greater quantity of chemical energy is 
converted into kinetic energy, i.e., the metabolism is increased more or 
less on account of work. 

As explained in a previous chapter (XI), work, according to the gener- 
ally accepted view, has no material influence on the excretion of nitrogen. 
It is nevertheless true that several investigators have observed in certain 
cases an increased elimination of nitrogen; but these observations have 
been explained in other ways. For instance, work may, when it is con- 
nected with violent movements of the body, easily cause dyspnma. aiul 
this last, as Frankel^ has shown, may occasion an increase in the elimi- 
nation of nitrogen, since diminution of the oxygen supply increases the 
. protein metabolism. In other series of experiments the quantity of car- 
bohydrates and fats in the food was not sufficient; the supply of fat in the 
body was decreased thereby, and the destruction of proteins was corre- 
spondingly increased. Other conditions, such as the external temperature 
and the weather,® thirst, and drinking of water, can also influence the 
excretion of nitrogen. According to the generally accepted views muscu- 
lar activity has hardly any influence on the metabolism of proteins. 

' * Tigerstedt and Sonden, I c. ; Eubner,!. o.; Magnus-Levy, Arch. f. (Aimt. u.) Physiol, 

. ' T89§,Su{>pl' . . ^ ^ 

. ’ . * Virchow^s Arch., 67 and 71 . ' _ : ; . ‘ 

' »See Zmtz and, Schunabuig, AreE f.- (Anat. u.) Ph;pioi, X895. ‘ ' 
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On the contrarj", work has a very considerable influence on the elimina- 
tion of carbon dioxide and the consumption of oxygen. Thi.s action, 
which was first observed by Lavoisier, has later been confirmed by 
many investigators. Pettenkoper and Voit * have made investigations 
on a full-grown man as to the metabolism of the nitrogenous as well as of 
the non-nitrogenous bodies during rest and work, partly while fasting 
and partly on a mixed diet. The experiments were made on a full-grown 
man weighing 70 kilos. The results are contained in the following table: 


Pasting . . . { 

Mixed diet 

In these eases work did not seem to have any influence on the destruc- 
tion of proteins, while the gas exchange was considerably increased. 

ZuNTz and his pupils ^ have made very important investigations into 
the extent of the exchange of gas as a measure of metabolism during work 
and caused by work. These investigations not only show the important 
influence of muscular work on the catabolism of material, but they 
also indicate in a very instructive way the relationship between the 
extent of metabolism of material and useful work of various kinds. 
We can only refer to these important investigations which are of special 
physiological interest. 

The action of muscular work on the gas exchange does not alone appear 
with hard work. From the researches of Speck and others we learn, that 
even very small, apparently quite unessential movements may increase 
the production of carbon dioxide to such an extent that by not observing 
tliese, as in numerous older experiments, very considerable errors m.ay 
creep in. Johansson ® has also made experiments upon himself, and 
finds that on the production of as complete a muscular inactivity as pos- 
sible the ordinary amount of carbon dioxide (31.2 grams per hour at rest 
in the ordinary sense) may be reduced nearly one third, or to an average 
of 22 grams per Iiour. 


^ Zeitsohr. f. Biologie, 2. 

®See the works of Zuntz and Lehmann, Malyhs Jahresber., 10; Katzenstein, Pfluger's 
Arch., 40; Loewy, ibid,; Zuntz, iMd., 68, and especially the large work ^^Untersuch 
liber den Stoffwechsel des Pferdes bei Euhe und Arbeit,” Zuntz and Hagemann, Berlin 
1898, which also contains a bibliography. Zuntz and Slowtzoff, Pfiuger’s Arch., 95; 
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CO 2 Eliminated. 
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209 

716 
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75 

380 ... 

1187 

1071 

. 137 

72 352 

912 

831 

. 137 
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1209 
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The quantity of carbon dioxide eliminated during a working period is 
uniformly greater than the quantity of oxygen taken up at the saiiie 
timey and hence a raising of the respiratory quotient was usLiall} cmi- 
sidered as caused by work. This rise does not seem to be based upon tlie 
character of chemical processes going on during work, as we have a senes 
of experiments made b}'’' Zuntz and his collaborators^ L-KiiiMAXN, .Kat- 
zENSTEixX and Hagemann/ in which the respiratory quotient remained 
almost wholly unchanged in spite of work. According to Lokwy~ tlie 
combustion processes in the animal body go on in the same way in work 
as in rest, and a raising of the respiratory quotient (irrespective of tlie 
transient change in the respiratory mechanism) takes place only witli 
insufficient supply of oxygen to the muscles, as in continuous fatiguing 
w^ork or excessive muscular activity for a brief period, also with local hick 
of oxygen caused by excessive work of certain groups of muscles. This 
varying condition of the respiratory quotient has been explained l\y Kat- 
ZENSTEiN by the statement that during work two kinds of chemical pro- 
cesses act side by side. The one depends upon the work which is con- 
nected with the production of carbon dioxide also in the absence of free 
oxygen, while the other brings about the regeneration which takes place 
by the taking up of oxygen. When these two chief kinds of chemical 
processes make the same progress the respiratory quotient remains un- 
changed during work; if by hard work the decomposition is increased as 
compared with the regeneration, then a raising of the respiratory quotient 
takes place. If, on the contrary, moderate work is continued and per- 
formed in a way so that irregularities and occasional changes in the (dreu- 
lation and respiration are excluded or are without importance, then tlie 
respiratory quotient may correspondingly remain the same during work 
as in rest. Its extent is thereby in the first place determined by the nutri- 
tive material at its disposal (Zuntz and his pupils). 

The theory of Lobwy and Zuntz, that the raising of the respiratory cjuotieiit 
during work is to be explained by an insufficient supply of oxygen, is o[>posf‘d 
by LAumANiE.® He has observed the reverse, namely, a diminution in the respira- 
tory quotient during continuous excessive work, and this is not reconcilable with 
the above statements. According to Laulanie, who considers sugar as the source^ 
of muscular energy, the rise in the respiratory quotient is due to an inen^aHofi 
combustion of sugar. The diminution of the same he explains by a re-formation 
of sugar from fat which takes place at the same time and is aecomi)anied by me 
increased consumption of oxygen. 


^ See footnote 2, page 759. 



; .INFLUENCE 'OF /EXTERNAL. TEMPERATURE. ^ 

In deep metabolism decreases as compared with that cluring^^^^ w 
and the most essential reason for this is the muscular inactivity during 
sleep. The investigations of Rubner upon a dog, and of Johansson ^ 
upon human beings, teach us that if the muscular work is eliminated the 
metabolism during ^vaking is not greater than in sleep. 

The action of light also stands in close connection with the question of 
the action of muscular work. It seems positively proved that metabolism 
is increased under the influence of light. Most investigators, such as 
Speck, Loeb, and Ewald,^ consider that this increase is due to the move- 
ments caused by the light or an increased muscle tonus. Fubini and 
Benidicenti ^ assume that the increase in metabolism due to light is inde- 
pendent of the movements. They base this assumption on experiments 
made on hibernating animals. 

Mental activity does not seem to have any influence on metabolism 
according to the means at hand for studying this influence. 

Action of the External Temperature. In cold-blooded animals the pro- 
duction of carbon dioxide increases and decreases with the rise and fall of 
the surrounding temperature. In warm-blooded animals this condition is 
different. By the investigations of Ludwig and Sanders-Ezn, Ppluger 
and his pupils, and Duke Charles Theodore of Bavaria and others^ it 
has been demonstrated that in warm-blooded animals the change in the 
external temperature has different results according as the animaPs own 
heat remains the same or changes. If the temperature of the animal sinks, 
the elimination of carbon dioxide decreases; if the temperature rises, the 
elimination of CO 2 increases. If, on the contrary, the temperature of the 
body remains unchanged, then the elimination of carbon dioxide increases 
with a lower and decreases with a higher external temperature. The 
statements on this subject are somewhat disputed and cases have been 
observed where in warm-blooded animals the metabolism rises on cooling 
and lowering the body temperature, while warming and raising the bod}?' 
temperature produces a diminution (Krarup ®), 

The increase in metabolism produced by a lowering of the external 
temperature is explained, according to Ppluger and Zuntz, by the state- 


Htubner, Ludwig-Festschr., 1887; Loewy, Berl. kiin. Wochenschr,, 1891, 4S4; 
Johansson, Skand, Arch, f'. Physiol., 8. , ’ , . ' 

® Speck, 1. c.; Loeb, Pfliigeds Arch, 42; Ewald, Joum. of Physiol., IS. 

^ Cited from Maly's Jahresber., 22, 395‘: , ^ • 

^ The pertinent literature may foe found cited by Voit in Hennann's Handbuch, B, 
and also by Speck, 1. e. ■ , . . , 

® J, C. Krarup, Den omgifvende temperaturs indflydeke, etc,, Inaug.-Diss. KjOben- 
havn, 1902. See also Faiioise, Maly-s Jahresber., SI; Predteschensky, ibU; Rufoner," 
Arch, t Hygiene, S8. ' , - . 
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ment that the low temperature, by exciting a reflex action on the sensitive 
nerves of the skin, .causes .an. increased ■'■rnetabolisni, in the niiisclea wit.li a,ii 
increased production of heat, affecting the temperature of., the bod3n while 
with a higher external temperature' the.. revei’se, takes place. The experi- 
ments made, upon animals are somewhat uncertain . for seve,ral, reasons, but 
the determinations of the oxygen' absorption, as well as the elimination oi 
COo, made by Speck, Loewy, and Johansson f in human bei.ngs, have 
shown that cold does not produce any essential increase in the metabolism 
of man. The irritation,, caused by nold ' may' reflexly cause ; forced respi- 
.ration with an action on the gas exchange, and weak reflex muscular 
movements, such as shivering, trembling,, etc.', may cause an; insignificant 
increase in the elimination of carbon dioxide; in complete musculariiiae- 
tivity cold seems to cause no increased absorption of oxygen or increased 
metabolism. Eykman's^ experiments upon inhabitants of the tropics 
also show the same result, namely, that in human beings no appreciable 
heat regulation occurs. 

A very interesting and important question is the action of high altitude 
upon the oxidation processes, the economy of temperature, the protein 
exchange and the general metabolism. The results of the laborious and 
impoi*tant investigations on this subject may be found in the large work 
of N. ZuNTz, A. Loewy, F. Mullek and W. Caspari.® 

Metabolism is increased by the ingestion of food, and Zuntz has calcu- 
lated that in man the consumption of oxygen is raised on an average 15 
per cent above the amount during rest for about six hours after taking 
a moderately hearty meal. This increase in the metabolism is caiAised. 
according to the generally accepted view, probably only by the increased 
work of the digestive apparatus on the partaking of food. Rjasaxt.skff 
has shown that the extent of nitrogen elimination is proportioned to the 
intensity of the digestive work. It also follows from the works of 
Levy, Koraen and Johansson ^ that the proteins and to a lesser extetit 
the carbohydrates even by themselves produce a rise in metabolism which 
does not seem to be true for the fats. 


■ ^ Speck, I. c.; Loewy, Pfiager^s Arch., 46; Jolianssan> Skand. Arch, f. Physiol, 7. 

^ Virchow's Arch., 1S3, and PfliigePs Arch., 64, 

^ “Hohenkiima and Bergwandenxngen in ihrer Wirkung auf den Menschen," Berlin, 
1906. ■ V,/ 

■ ^ Zuntz and Levy, ^^Beitrag zur Kenntniss d. Verdaulichkeit, etc.,dea Erodes," 

PfitigePs Arch., 49;, Magnus-Levy, Koraen, Skand. Arch. 1 Physiol, 11, 

Johansson and Koraeni ibid*, 13. ' , i 


FOOD REQUIRExMENT BY MAX. 


763 


VI- The Necessity of Food by Man under Various Conditions. 

Various attempts have been made to determine the daily quantity of 
organic food needed by man. Certain investigators have calculated from 
the total consumption of food by a large number of similarly fed indi- 
viduals — soldiers, sailors, laborers, etc. — the average quantity of food-* 
stulfs required per head. Others have calculated the daily demand of 
food from the quantity of carbon and nitrogen in the excreta or calculated 
it from the exchange of force of the person experimented upon. Others, 
again, have calculated the quantity of nutritive material in a diet by which 
an equilibrium was maintained in the individual for one or several days 
between the consumption and the elimination of carbon and nitrogen. 
Lastly, still others have quantitatively determined during a period of 
several days the organic foodstuffs consumed daily by persons of various 
occupations who chose their own food, by which they were well nourished 
and rendered fully capable of work. 

Among these methods a few are not quite free from objection, and 
others have not as yet been tried on a sufficiently large scale. Neverthe- 
less the experiments collected thus far serve, partly because of their num- 
ber and partly because the methods correct and control one another, as a 
good starting-point in determining the diet of various classes, and similar 
questions. 

If the quantity of foodstuffs taken daily be converted into calories 
produced during physiological combustion, we then obtain some idea of 
the sum of the chemical energy which under varying conditions is intro- 
duced into the body. It must not be forgotten that the food is never 
completely absorbed, and that undigested or unabsorbed residues are 
alwa^’s expelled from the body with the faeces. The gross results of calo- 
ries calculated from the food taken must therefore, according to Rubner, 
be diminished by at least 8 per cent. This figure is true at least when the 
human being partakes of a mixed diet of about 60 per cent of the proteins 
as animal and about 40 per cent of the proteins as vegetable foodstuffs. 
With more one-sided vegetable food, especially when this is rich in undi- 
gestible cellulose, a much larger quantity must be subtracted. 

The following summary contains a few examples of the quantity of 
food which is consumed by individuals of various classes of people under 
different conditions. In the last column we also find the quantity of liv- 
ing force wffiich corresponds to the quantity, of food in question, calculated 
as calories, with the above-stated correction. The cabries are therefore 
net results, while the figures for the nutritive bodies are gross results. 
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Proteins. Fat. Authority. 


Soldier during peace . . . . 
light service. .... . 
“ in field .......... 

Laborer 

Laborer at rest . ........ 

Cabinetmaker (40 years) . 
Young physician 

a' a- 

Laborer (36 years). . . . . . 
English smith ......... 

pugilist ...... . 

Bavarian wood-chopper . 
Laborer in Silesia ....... 

Seamstress in London . . . 
Swedish laborer . . . ..... 

Japanese student . . ..... 

Japanese shopman. . . . . . 


119 

40 

529 

2784 

Playfair.'*' 

117 

35 

447 

2424 

Hildesheim. 

146 

46 

504 

.2852. 


130 

40 

550 

2903 

Mqleschott. , 

137 

72 

352 

2458 

Pettenkofer and VoiT. 

131 

68 

494 

2835 

FO'.RSTER.''* 

127 

89 

362 

2602 

(( 

134 

102 

292 

2476 

({' 

133 

95 

422 

2902 

(( 

176 

71 

666 

3780 

Playfair. 

288 

88 

93 

2189 

(( 

135 

208 

876 

5589 

Liebig. 

80 

16 

552 

2518 

Meinert,^ 

54 

29 

292 

1688 

Playfair.' 

134 

79 

485 

3019 

Hultgren and Landergren.^ 

83 

14 

622 

2779 

Eijkman.*^ 

55 

6 

394 

1744 

Taw-ara.''’ 


We have a very large number of complete investigations upon the diet 
of people of different vocations in America but they are too extensive to 
enter into, hence we must refer to the original publications of Atwater,^* 

It is evident that persons of essentially different weight of body who 
live under unequal external conditions must need essentially different 
food. It is also to be expected (and this is confirmed by the table) that 
not only the absolute quantity of food consumed by various persons, but 
also the relative proportion of the various organic nutritive su])stanees, 
shows considerable variation. Results for the daily need of human !)eings 
in general cannot be given. For certain classes, such as soldiers, laborers, 
etc., results may be given which are valuable for the cakailation of the 
daily rations. 

Based on extensive investigations and a very wide experience, 
has proposed the following average quantities for the daily diet of adiiiis. 

Proteins. Fat. Carboliydrates. Calories. 

For men 118 grams 56 grams 500 grams 2830 

But it should be remarked that these data relate to a man weigliing 
70 to 75 kilos and who was engaged daily for ten hours in not too 
fatiguing labor. 

The quantity of food required by a woman engaged in moderate work 


^ In regard to the older researches cited in this table we refer the reader i<> \'uit hi 
Hermann's Handbiich, 6, 519. 

. ^ Ihzd,^ and Zeitschr. f. Biologie, 9. 

® Armee-nnd Volksernahrung, Berlin, 1880., 

^ Untersiichung tibor die EmM,hrung schwedischer Arbeiter bei frei gewaldter Kost 
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is about foiir-fifths tliat of a laboring man, and we may consider the fol- 
lowing as a daily diet with moderate work: 

_ Proteins. Pat. Carbohydrates. Calories, 

lor women . . 94 grams 45 grams 400 grams 2240 

The proportion of fat to carbohydrates is here as 1 : 8-9. Such a pro- 
portion occurs often in the food of the poorer classes which live chiefly 
upon the cheap and voluminous vegetable food, while this ratio in the food 
of wealthier persons is 1:3-4. It would be desirable if in the above 
rations the fat was increased at the expense of the carbohydrates, but 
iirifortiinately on account of the high price of fat such a modification can- 
not ahvays be macle. 

Ill examining the above numbers for the daily rations it must not be 
forgotten that the figures for the various foodstuffs are gross results. They 
consequently represent the quantity of these which must be taken in, and 
not those which are reall}^ absorbed. The figures for the calories are, on 
the contrary, net results. 

The various foods are, as is well known, not equally digested and 
absorbed, and in general the vegetable foods are less completely consumed 
than animal foods. This is especially true of the proteins. When, there- 
fore, VoiT, as above stated, calculates the daily .quantit}^ of proteins 
needed by a laborer as 118 grams, he starts with the supposition that the 
diet is a mixed animal and vegetable one, and also that of the above 118 
grams about 105 grams are absorbed. The results obtained by Pplugeb 
and his pupils Borland and Bleibtbeu ^ on the extent of the metabolism 
of proteins in man with an optional and sufficient diet correspond well 
with the above figures, when the unequal weight of body of the various 
persons experimented upon is sufficiently considered. 

As a rule, the more exclusively a vegetable food is employed, the 
smaller is the quantity of proteins in the same. The strictly vegetable 
diet of certain people, as that of the Japanese and of the so-called vegeta- 
rians, is therefore a proof that, if the quantity of food be sufficient, a person 
may exist on considerably smaller quantities of proteins than Voit sug- 
gests. It follows from the investigations of Hirschfeld, Kxjmagawa and 
Klexiperer, Sivln, and others (see page 750) that a nearly complete or 
indeed a complete nitrogenous equilibrium may be attained by the suffi- 
cient administration of non-nitrogenous nutritive bodies with relatively 
very small quantities of proteins. 

If we bear in mind that the food of people of different countries varies 
greatly, and that the individual also takes -essentially different nourish- 
ment according to the external conditions of living and the influence of , 
climate, it is not remarkable that a person accustomed to a mixed diet 

^ Bohknd, PfiiigeFs Arch., 36; Bleibtreu,, 38/ 
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can exist for some time on a strict!}^ vegetable diet deficient in proteins. 
No one doubts the ability of man to adapt himself to a heterogeneously 
composed diet when this is not too difficult of digestion and is siriiicient 
in quantity; also we cannot deny that it is possible for a man to exist 
also for a long time with smaller amounts of protein than Vorr suggests., 
namely 118 grams. Thus 0. Neumann^ experimented on himself during 
764 days in three series of experiments, and his diet consisted of 74.2 grams 
protein, 117 grams fat, and 213 grams carbohydrates = 2367 gross calo- 
ries, with a weight of 79 kilos and with ordinary laboratory work. These 
figures cannot be compared with those obtained by Voit’s worker, weigii- 
ing 70 kilos, wffiose work was harder than a tailoTs and easier than a biaek- 
smithes; for example, the work of a mason, carpenter, or cabinet-maker. 
The very extensive investigations recently performed by Chittenden ^ 
on the estimation of the extent of protein necessary are of great interest* 


These investigations upon a total of twenty-six persons extended over a 
period of five to twenty months and consisted of careful investigations and 
observations upon the manner of living, food taken, nitrogen elimination, 
and the ability of performing work. The different individuals were 
divided into three groups. The first consisted of five professional men 
(four assistants and one professor). The second group was composed of 
thirteen soldiers (of the sanitary corp of the United States army) which 
besides their daily work were given gymnastic exercises for six months. 
The third group consisted of eight athletic students who were trained in 
* different kinds of sport. 

In all the persons experimented upon the original nitrogen content 
of the food, which corresponded to Voit^s value or were somewhat higher, 
was gradually reduced more or less. The total calories supplied were 
not increased above the original value but rather diminished to a reason- 
able extent. The bodily as well as the mental ability was repeated iy 
tested. As it is not possible to enter into the details of the investigation 
the following will be sufficient to show the results. With a diet corre- 
sponding to VoiT^s values the amount of urine nitrogen per day was iC> 
grams, corresponding to a total protein catabolism in the body of 100 
grams or 1.43 grams per kilo. The corresponding results for the above 
three groups may be found in the following table where for comparison 
Hammarsten includes also the figures for Voit^s diet. 


Group 1 
Group 2 
Group 3 
Voltes figures 


Urine Nitrogen, 

Catabolized Protein. 

Protein 

per Kilo. 

Min. 

Max* 

Min. 

Max, 

Min. 

Max, 

5.69 

8.99 

35,6 

56.19 

0.61 

0.86 

7.03 

8.39 

, ' 43.9 

52.44 

0.74 

0.87 

7.47 

11.06 

46.7 

69.10 

0.75 

0.92 


, . . , 2 Arch. f. Hygiene, 45. ^ y _ 

» R. H. Chittenden, Physiological Economy in Nutrition, New York, IQCM. 
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The chief results from these investigations are that on partaking of 
amounts of protein much smaller than Voit's figures, without changing 
the original supply of calories and indeed diminishing the same, the per- 
sons experimented upon remained not only in nitrogenous equilibriunij 
but remained in perfect health and were not only able to perform the 
ordinary w’ork but were indeed regularly able to perform much greater 
work. 


From these investigations which extended over a long period and 
were carried on with special care in exactitude, it cannot be denied that 
mail can exist for a long time with much smaller quantities of protein 
than Voit’s figures call for which is also derived from the experience of 
vegetarians and from people living nearly entirely upon vegetable food. 
On the other hand it must not be forgotten that Voit’s figures represent 
average results not theoretically necessary but which have been shown to 
be the actual diet developed from habit, custom, conditions of life and 
climate, with sufficient nourishment and free selection for centuries in 
Middle and North Europe. A rational change in this food requirement 
based upon scientific facts is just as difficult to determine as it is to carry 
out practically. Certain standard figures for the general needs of nutri- 
tion cannot be established because the conditions in various countries are 
different and must necessarily be so. The numerous compilations (of 
Atwat.br and others on the diet of different families in America have 
given the figures 97-113 grams protein for a man, and the very careful 
investigations of Hultgrbn and Landergren- have also shown that the 
laborer in Sweden with moderate work and an average body weight of 
70.3 kilos, with optional diet, partakes 134 grams protein, 79 grams fat, 
and 522 grams carbohydrates. The quantity of protein is here greater 
than is .necessary, according to Voit. On the other hand Lapicque^ 
found 67 grams protein for Abyssinians and 81 grams for Malaysians (per 
body weight of 70 kilos), materially lower figures. 

If we compare the figures on page 764 with the average figures pro- 
posed by Voit for the daily diet of a laborer, it would seem at the first 
glance as if the food consumed in certain cases \¥as considerably in excess 
of the need, while in other cases, as, for instance, that of a seamstress in 
London, it was entirely insufficient. A positive conclusion cannot, there- 
fore, be drawTi if we do not know the weight of the body, as well as the 
labor performed by the person, and also the conditions of living. It is 


^ Atwater, Report of the Storrs Agric. Expt, Station, Conn,, 1891-1895 and 1896; 
also Nutrition investigations at the University of Tennessee, 1896 and 1897; U, S. 
Dept, of Agriculture, Bull. 53, 1898. See also, Atwater and Byrant, Bull 75| 
Jaffa, 83; Grindley, Sammis, and; pthei^, 01. _ ^ ^ , '■ \ ■ 

* Huitgren and Landergren, 1. e.; Lapieque, Arch, de Physiol (6),^ 6. ^ ■■ . 
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certainly true that the amount of nutriment required by the f)od}' is not 
directly proportional to the body weight, for a small body consumes reia- 
tivel}^ more substance than a larger one, and varying quantities of iat imyv 
also cause a difference; but a large bod}^ which must maintain a greater 
quantity, consumes an absolutely greater quantity of substance than a 
small one, and in estimating the nutritive need one must also always con- 
sider the \veight of the body. According to Voit, the diet for a laborer 
with 70 kilos body weight requires 40 calories for each kilo. Ekholai ^ 
calculates, basing it upon his experiments, that for a man weighing 70 
kilos, busied with reading and writing, the net calories are 24e50 and the 
gross calories 2700, or 35 and 38.5 calories per kilo. In the ordinary sense 
for a resting man the general food requirement is cailculated in round num- 
bers as 30 calories for every kilo. The minimum figiire for metabolism 
during sleep and in as complete rest as possible has been found hy 
SoNDBN, Tigerstedt and Johansson ^ to be 24-25 calories. 

As several times stated above, the demands of the body for nourisli- 
ment vary with different conditions of the body. Among these condi- 
tions two are especially important, namely, work and rest. 

In a previous chapter, in which muscular labor was spoken of, it was 
seen that all foodstuffs have nearly the same power of serving as a source 
for muscular work, and that the muscles, it seems, select that foodstuff 
which is supplied to them in the greatest quantity. As a natural sequence 
it is to be expected that muscular activity requires indeed an incretised 
supply of foodstuffs, but no essential change in the relation of the sa,rne, as 
compared to rest. 

Still this does not seem to hold true in daily experience. It is a well- 
known fact that hard-working individuals — men and animals — require 
a greater quantity of proteins in the food than less active ones. This con- 
tradiction is, however, only apparent, and it depends, as Voit has shown 
upon the fact that individuals used to violent \?ork are more muscular. 
For this reason a person performing severe muscular labor requires food 
containing a larger proportion of proteins than an individual whose 
occupation demands less violent exertion. Another fact is that 
the diet rich in proteins is often concentrated and less bulky, ami 
also that in many cases of training a diet containing as little fat as 
possible is selected. 

If we compare the results for the needs of food in work and rest which 
are obtained under conditions which can be readily controlled, it is found 
that the above statements are confirmed in general. As example of this 

* Skand. Arch. I,' Physiol, 11, ' ' . , ' ' ' ' 

'• * 8ond4a and Tigerstedt, Skand. Arch. 1 Physiol, 6; Johansson, 7; Tigerstedt, 
Nord. Med, 'Arfciv* Festband, IS07. ^ \ ‘ 
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REST AND WORE. 

the following tables gives the rations of soldiers in peace and in the field 
a]Ki the average figures from the detailed data of various countries.* 

A. Peace Ration. B. War Ration. 

Proteins. Fat. Carbohydrates. Proteins. Fat.^ Carbohydrates^ 


Minimum 108 22 504 126 38 484 

Maximum ., 165 97 731 107 95 688 

Mean 130 40 551 146 59 557 

The following figures for the daily ration are obtained from the above 
averages: 

Proteins. Fat. Carbohydrates. Calories. 

In peace 130 40 551 2900 

1^1 war 146 59 557 3250 


If we calculate the fat in its equivalent quantity of starch, then the 
relation of the proteins to the non-nitrogenous foods is: 

In peace ’ 1:4.97 

In war 1:4.79 

The relation in both cases is nearly the same. Similar results are 
obtained when we start with Voit's figures for a soldier in manoeuvre A 
(hard work) and B (strenuous work) in war. 

Proteids. Fat. Carbohydrates. Calories. 


A 135 SO 500 3013 

B 14o 100 500 3218 


The relation here, w^hen the fat is recalculated as starch, in both cases is 
the same, or equal to 1:5. 

If Ave calculate that portion of the total calories supplied which falls 
to each group of the foodstuffs, it is found that 16-19 per cent comes from 
tlie protein in rest as w^eli as with medium and strenuous work. For the 
fat and tiie carbohydrates the variations are greater; the chief quantity 
of calories comes from the carbohydrates. Of the total calories 16“30 
per cent comes from the fat and 50-60 per cent from the carbohydrates. 

Tiie im].)oitance of the food-demand for working individuals is shown 
by the figures given on page 764 for a wood-chopper in Bavaria. A need 
of more than 4000 calories occurs only seldom, and wdth very hard work 
the demand may rise even to 7000 calories (Atwater and Bryant, 
Jaffa ^), 

As more work requires an increase in the absolute quantity of food, so ■ 
the quantity of food must be diminished tvhen little wmrk is performed. 


^ Gemiany, Airstria, Switzerland/ France, Italy, Russia, and the United States. It 
is not known by the author whether these figures have been changed in the last few 
years in tlxc various countries^ and hence whether they must be modified or notf 

^ See footnote 1, page 767. ■ ' ■ ; ' y ' 
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The question as to how far this can be done is of importance in regard to 

We- give, below the following as ex- 


the diet in prisons and poorhouses; 
ample of such diets: 


Proteins. 

Prisoner (not working). ..... B7 

Prisoner (not working). . .... 85 

Man in poorliouse .......... 92 

Woman in poorhouse. SO 


Fat. Garboliydrates. Calories. 


22 

305 

1667 

Schuster.' 

30 

300 

1709 

Voit, 

45 

332 

1985 

Forster.^ 

49 

266 

1725 

- a 


The figures given by Voit are, he says, the lowest reported for a non- 
working prisoner. He considers the following as the lowest diet for old 
non-working people: 

Proteins. Fat. Carbohydrates. Calories. 

Men . . ■ . 90 40 350 2200 

Women BO 35 300 1733 


In calculating the daily diet it is in most cases sufScient to ascertain 
how much of the various foodstuffs must be administered to the body in 
order to keep it in the proper condition to perform the work required of 
it. In other cases it may be a question of improving the nutritive con- 
dition of the body by properly selected food; and there also are cases in 
w^hich it is desired to diminish the mass or weight of the body by an insuf- 
ficient nutrition. This is especially the case in obesity, and all the diet- 
aries proposed for this purpose are chiefly starvation cures which will be 
showm below from those selected, namely, Harvey, Ebstein and Oertkl ’s 
cure. 

The oldest and most generally knowm diet cure for corpulency is that of 
Harvey, which is ordinarily called the Banting method. The principle 
of this cure consists in increasing, as far as possible, the consumption of 
the accumulated fat of the body^by as limited a supply of fat and carbo- 
hydrates as practicable and a simultaneously increased supply of proteins. 
A second, called Ebstein's cuiy^, based on the assumption (not correct) 
that the fat of the food is not accumulated in a body rich in fat, hut is 
completely burnt. In this cure large quantities of fat are therefore 
allowed in the food, while the quantity of carbohydrates is diminished 
very materially. The third cure, called Oertel'b^ cure, is based on the 
' correct view that a certain quantity of carbohydrates has no greater influ- 
ence in the accumulation of fat than the isodynamic quantities of fat. In 
this cure, therefore, carbohydrates as well as fat are allowed, provided the 

^See Voit, Untersucliung der Kost. MUnchen, 1877, 142, See also llirschfeld 
Malyhs Jahresber,. »30,' ’ 

2 See Voit, Intemueliuiig, der Kost, page 186.' " , . V ' ’ h . ' 

; ® Banting, Letter' on. Corpulence. 'London, 1864. Ebstein, Die Fettleifoigkeit imd 

■'ihre Behandlung. ' 1’882.. Oertel, Handbiach der allg. Therapie der Kreislaufstdrungen. 
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total quantity of the same is not so great as to hinder the decrease in 
e f“Lrof “PP'y o' “‘O' io oloo ine of 

eatuies of OunriLL s cure, especially in certain cases. The average 
quanuty of the various nutritive substances supplied to the body in these 
three cures is as follows, and we aive nkn f«r. 

Vo.T', diet neoeesary for a lalX to“ompan»„ m the same table 

Proteins. Carboliydrates. 

.Hahyey-Banting's, cure I 7 i ■ ■ o (gross)., . 

Ebstein’s cure. ‘ iaq q? 1083 

Oebtec’s “ il 1396 

Laborer, according to Voit 118 tt Im |oS 

cases is recalculated in starch, then the proportion of 

the piotGiiis to .th.6 cUirboiiydratGS isj 

HARVBy-BANTING’S‘CUre ‘. . . ■ ' ■ ' ■ ' 

Ebstein’s cure 100 : 54 

Oertel’s * 100 : 240 

“ (Max) •••••••• w... 100 : 80 

Laborer • • • • 100 : 129 

. IQQ . 530 

_ In all these cures for corpulence the quantity of non-nitrogenous bodies 
IS dimmibhed as compared with the proteins; but also the total quantity 
of food, as IS shown by the number of calories, is considerably diminished 
H-utvET-B.^NTiNG's cure differs from the others in a relatively very 
much greater quiintity of proteins, while the total number of calories in it 
is the smallest. On this account this cure acts very quickly but it is 
therefore also more dangerous and more difficult to accomplish. In this 
regard Ebstein’s and Oebtel’s cures (especially Oebtel’s) having a 
greater variation in the selection of food, are better. As the adipose 
tissue has a protein-sparing action, we have to consider in using these 
cures, especially Banting’s, that The destruction of proteins in the body 
is not increased in the adipose tissue, and one must therefore carefully 
watch the elimination of nitrogen by the urine. All diet cures for obesity 
are moreover, as above stated, starvation cures; and if the daily quantity 
of food lequireri by an adult man, represented as calories, is in round 
numbers 2500 calories (according to the average figures found by Forstek 
in the case of a physician), then one immediately sees what a considerable 
part 01 its own mass the body must daily give up in the above cures. This 
reminds us of the great care necessary in employing them; each special 
case should be conducted with regard to the individuality, the weight of 
the body, the elimination of nitrogen in the. urine, etc., etc., and always 
under strong control, and only by a physician, never by a layman. A 
more detailed discussion of the many conditions which must be considered 
in these cases does not enter the plan and scope of this work. , ; . . ! ' ; E 



I. Animal Foodstuffs. 


Fat beef 2 

. Beef (average fat 



Corned beef (average fat) . . 

Veal 

Horse, salted and smoked. . 

Smoked ham. 

Pork, salted and smoked 

]\ieat from hare, . 

‘‘ chicken 

partridge. . . . . . 

wild duck 


h. Me.\t with Bones. 


Fat beef ^ 

Beef (average fat 

Beef, slightly corned 

P>eef, thoroughly corned. . 

Hutton, very fat 

average fat 

Pork, fresh, fat 

“ corned, fat 

Smoked ham 
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,;tt. Meat without Bones. 


c. Fishes, 

River eel, fresh, entire 

Salmon, 

Anchovy, 

I'loundcr, 

River perch, fresh, entire 

Torsk, “ 

Pike, ^ 

IT erring, salted, entire 

Anchovy. “ 

Salmon ('sidel, salted 

Kabeliau (salted haddock) 

Codfish (dried ling) 

“ (dried torsk) .......... 

Fish-meal from variety of Gab us 


1000 Parts contain 


Relationship of 
1:2:3. 


Proteids and 
Extractives. 

Fat. to 

Carbohy- 

drates. 

4 

. A 

Vj 

< 

5 

o 

6 

6 

m 

1 

:2. 

:3 

183 

166 


11 

640 


100 

90 

0 

196 

98 


18 

688 


100 

' "50 I 

0 ■: 

190 

120 


18 i 

672 


: 100 

63 

' 0 

218 

115 


117 

550 


100 

53 

0 

190 

80 


13 

717 


100 , 

42 

0 

318 

65 


125 

492 


100 

20 

0 

255 

365 


100 ; 

280 


100 

143 

0 

100 

660 


40 ! 

130 


100 , 

660 

0 

233 

11 


12 I 

744 


100 i 

i 5 

0 

195 

93 


11 

701 


100 

48/ 

0 

253 

14 


14 

719 


100 

; 6 

0 

246 

31 


12 

711 

! ^ 


lod 

13 

0 

156 

141 


■■■' 'O'" 

544 

150 

100 

90 

0 

167 : 

83 


15 

585 

150 

100 

49 

0 

175 

93 


r 85 I 

480 

167 

100 

53 

0 

190 

TOO 


100 i 

430 

180 

100 

53 

0 

135 

332 


‘ ' 8 

437 

88 

100 

246 

0 

160 

160 


10 

1 520 

150 

100 

100 

0 

100 

460 


5 

' 365 

70 

100 

460 

0 

120 

540 


60 

200 

80 

100 

450 

0 

200 

300 


70 

340 

90 

100 

150 

0 

89 

220 


6 

352 

333 

100 

246 

0 

121 

67 


10 

469 

333 

100 

56 

0 

128 

39 


11 

489 

333 

100 

/■(BP) 

0 

145 

14 


11 

580 

250 

100 

9 

0 

100 

2 


8 

440 

450 

TOO 

2 

0 

86 

1 


8 

:455 

450 

100 

1 

0 

82 

1 


6 

461 

450 

100 

1 

0 

140 

140 


100 

280 

340 

100 

100 

0 

116 

43 


107 

334 

400 

100 

37 

0 : 

200 

108 


132 

460 

100 

100 


0 

246 

4 


178 

472 

TOO 

100 

mM::: 

0 

532 

5 


106 

257 

100 

100 

1 

0 

665 

10 


59 

116 

150 

100 

. 1 

0 

736 

i 

7 


87 

^:^T70c 


100 

1 


0 


^ Tlie results in the following tables are . chiefly compiled from the snramary of Alm^cn and of ' 
Kunto. We here designate as * ‘waste!’ that part of the foods which is lost in the preparation 
or that %vhich is not used by the body; for instance, bones, skin, egg-shells, and the cellulose 

2 Meat such as is ordinarily sold in the markets in Sweden. , , , , • 

s J^ork, chiefly from the , breast and belly, such as. occurs in th© ^-ations of' Swedish, soldiers. ^ i' > ■ 
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TABLE I.— FOODS— (Cowimwei). 


' I. Aniiiaa! Foodstuffs. 

1000 Parts contain 

llelationsliip of 
' 1:2::.. . 

Proteids and 
Extractives. 

2 

"S. 

3 

ll 

5“ 

Ash. 

Water. ox 

Waste. o> 

1 

:2 


iL Innee Oegaks (Fresh). 










Brain, 

116 

103 


11 

770 


100 

89 

0 

Beef-liver. ................... 

196 

56 

11 

17 

720 


100 

28 

0 

Beef-heart. 

184 

92 


10 

714 


100 

50 

0 

Heart and lungs of mutton 

163 

106 


10 

721 


100 

65 

0 

Veal-kidney. 

221 

38 


13 

728 


100 

,17j 

0 

Ox tongue (fresh) 

150 

170 


10 

670 


100 

113 

0 

Blood from various animals (av- 










erage results) ■ 

182 

2 


9 

807 


100 

1 

0 

e. Other Animal Foods. 










Variety of pork-sausage (Mett- ' 










wurst) 

190 

150 


50 

610 


100 

79 

0 

Same for frying 

220 

160 


55 

565 


100 

1" '73 

0. 

Butter 

7 

850 

7 

15 

119 


100 

12100 

! 100 

Lard 

3 

990 



7 


100 

33000 

0 

Meat extract 

304 



175 

217 





Cow’s milk (full) 

35 

35 

■ .50 

7 

i 873 


100 

100 

143 

(skimmed) 

35 

7 

50 

7 

901 


100 

20 

143 

Buttermilk 

-41 

9 

38 

7 

905 


100 

22 

93 

Cream 

:■ 37 

257 

35 

6 

665 


100 

695 

95 

Cheese (fat) 

230 

270 

40 

60 

400 


100 

117 

17 

(poor) 

! 334 

66 

50. 

50 

500 


100 

19 

15 

Whey cheese (poor) 

1 89 

70 

1 456 

56 

329 


100 

79 

512 

Hen’s egg, entire 

103 

93 

4 

8 

654 

135 

100 

88 

4 

“ ’ without shell 

122 

107 

5 

10 

756 


100 

88 

4 

Yolk of egg 

IGO 

307 


13 

520 


100 

192 

0 

White of egg 

103 

7 

7 

8 

875 


100 

i ; ^7 

7',; 

2 , Vegetable Foodstuffs, 









i 

VTieat (grains) 

123 

17 

676 

18 

140 

26 

100 

" ■'"■■■14 

' 549 

Wheat-fiour (fine) 

110 

10 

740 

, 8 

120 

12 

100 

11 

654 

(very fine) 

92 

k:ir- 

768 

3 

120 

':/-6 

100 

12 

835 

Wheat-bran 

le50 

39 

439 

50 

130 

192 

100 

26 

292 

Wheat-bread (fresh), . 

i:':88. 

10 

1 550 

' 17' ^ 

330 

5 

100 

11 

625 

Macaroni 

90 

3 

' 768 

8 

131 


100 

3 

853 

Rye (grains) 

115 

17 

688 

18 

140 

22 

100 

15 

600 

Rye-flour 

115 

15 

720 

I 20 

110 

20 

100 

13 

626 

Rye-bread (dry). 

114 

20 

725 

15 

no 

16 

100 

18 

634 

“ (fresh, coarse) 

77 

10 

480 

16 

400 

17 

100 

14 

623 

(fresh, fine). ... 

80 

14 

514 

11 

370 

11 

100 

18 

634 

Barley (grains). 

111 

21 

654 

26 

140 

48 

100 

19 

589 

Scotck barley 

no 

10 

720 

7 

146 

7 

100 

9 

654 


117 

60 

563 

30 

130 

100 

100 

51 

iilii 

(peeled). ..... 

140 

60 

660 

20 

100 

20 

100 


471 


101 

58 

656 

17 

140 

28 

100 

57 

662 

Rice (peeled for boiling) 

70 

7 

770 

2 

146 

5 

100 

10 

1100 

F’rench beans 

232 

21 

537 

36 

|i37i 

37 

100 

9 

231 

Peas (yellow or green, dry)... 

220 

15 

530 

25 

150 

,60 

100 

7 

240 

Flour from peas. 

270 

S9II 

520 

25 

mmi 

$&mi 

100 

0 

192 
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TABLE I, — FOODS — {Continued). 


2 . Vegetable Foodstuffs. 

1000 Parts contain 

Relationship of 

Proteids and 
Extractives. 

2 

3 

ll 

o 

Ash. 

Water. c™ 

6 

6 

is: 

1 

:2 

•3 

Potatoes 

20 

2 

200 

10 

760 

8 

100 

10 

1030 

Turnips. 

14 

2 

. 74 

7 

893 

10 

100 

14 

629 

Carrot (yellow). 

10 

2 

90 

10 

873 

15 

100 

20 

900 

Cauliflower. 

25 

4- 

50 

8 

904 

9 

100 

16 

200 

Cabbage 

19 

2 

.49 

12 

900 

18 

100 

11 

258 

Beans. 

27 

1 

66 

6 

888 

12 

100 

4. 

.244 

Spinach 

31 

5 

33 

19 

908 

8 

100 

16 

106 

Lettuce. . . 

14 

3 

22 

10 

944 

1 ■ 7 

100 

21 

157 

Cucumbers. ... 

10 

1 

23 

4' 

950 

■ 6 

100 

10 

230 

Radishes. . 

12 

1 

38 

7 I 

934 

8 

100 

8 

317 

Edible mushrooms (average). . . 

32 

4 

60 

9 i 

877 

18 

100 

12 

188 

Same dried in the air (average).. 

219 

25 

412 

61 

1 160 

123 

100 

12 

188 

Apples and pears 

4 


130 

3 

1 832 

31 

100 


3250 

Various berries (average) 

5 


90 1 

6 

849 

; 50 

100 


1800 

Almonds. . . 

242 

537 I 

72 ; 

29 

54 

1 66 

100 

222 

30 

Cocoa. 

140 

480 

180 I 

50 

55 

95 

100 

343 

129 


TABLE II.— IIALT LIQUORS. 


1000 Parts by Weight contain 

Water. 

Carbon 

Dioxide. 

Alcohol. 

Extract. 

Proteids. 

Sugar. 

Dextrin. 

02' 

.'H' 

'S' 

: <J, 

Glycerine- 

,.xj , : 

Porter. ... ................... 

871 

2 

54 

76 

7 

13 


3.0 



Beer (Swedish) 

887 


28 

■ 

15 

65 

" : 


5 

‘‘ (Swedish export) 

885 


32 

— 

7 ' 

■' 73 ■ 



3 

Draught-beer 

911 

2 

35 

55 

8 

10 

31 

2.0 

■■ "■■■2:^ 

2 

Lagef-beer 

903 

2 

40 

58 

' 4 

7 

47 

1.5. 


-'2 

Bock-beer. . 

881 

2 

47 

, 72, 

6 

13 


.1.7 : 


3 

Weiss-beer 

916 

3 

25 

59 

:v.5 



4.0 



Swedish ^^Svagdricka” 

945 

— 

22 


! . ,v,' 


^ ■■ 

1 

i 

|. ■ 




food tables. 


TABLE III— WINES AND OTHER ALCOHOLIC LIQUORS. 



1000 Farts by Weight contain 

i ^ 

: 

43: 

1 

H 

m 

Si 

\ 

si 

§1'^ 

. « 03 

o .t: 

< 

05 ■ 
a 

o 

>» 

6 

ji 

tfi 

<1 

Bordeaux wine 

White wine (Rheingau) 

Champagne 

Rhine wine (sparkling) 

Tokay 

Port wine 

Madeira • * 

Swedish punch 

French cognac 

Liqueurs 

883 
863 
77G 
801 
808 
795 
774 
791 
790 ^ 
479 

94 

115. 

90 

94 

120 

170 

164 

156 

164 

263 

460 

550 

442->590 

\ 23 
23 
134 
105 
72 
35 
62 
53 
46 

6 

4 

115 

87 

51 

15 

40 

33 

35 

332 

260-475 

5.9 

5.0 

6.0 
6.0 

7.0 

5.0 

4.0 

5.0 
5.0 

1.0 

1.0 

9.0 

6.0 
2.0 

3.0 

4.0 

2.0 

2.0 

1.0 

2.0 

3.0 

5.0 

3.0 

3.0 

4.0 


[60-70 


CarV>on Di- 
oxide. Vol 
Per Cent. 
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INDEX TO SPECi^RUM PLATE. 


SPECTRUM PLATE. 

1. Absorption spectrum of a solution oi oxyhcemoglobin. 

2. Absorption spectrum of a solution of hcemoglobin, obtained b}?' the action of an 

ammoniacal ferro-tartrate solution on an oxyhcemoglobin /solution. 

3. Absorption spectrum of a faintly alkaline solution of methcemoglobin, 

4. Absorption spectrum of a solution of hcematin in ether containing oxalic acid. 

5. Absorption spectrum of an alkaline solution of hcematin. 

6. Absorption spectrum of an alkaline solution of hcemochromogeny obtained by the 

action of an ammoniacal ferro-tartrate solution on an alkaline-hcematin solution. 
7 Absorption spectrum of an acid solution of urobilin. 

8. Absorption spectrum of an alkaline solution of urobilin after the addition of a zinc« 
chloride solution. 

9 Absorption spectrum of a solution of lutein (ethereal extract of the egg-yolk). 
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Abietinic acid, 336 
Abiuret products, 54, 394, 417 
Absorption, 412-427 

, action of putrefactive pro- 
cesses in the intestine on, 
405-407 

Absorption ratio, 218 

of the blood pigments, 
218 

Acceptor, 0 

Acetanilid, behavior in animal body, 633 
Acethsemin, 212 

Acetic acid in intestinal contents, 400 

in gastric contents, 373, 376 
, passage of, into urine, 608, 629 
Aceto-acetic acid, 625, 671 

in urine, 625, 668 

Acetone, 32, 669, 

in urine, 668 
Acetonuria, 668, 669 
Acetophenone, behavior in body, 367 
Acetylene, compound with haemoglobin, 
267 

Aeetyldichitosamine, 686 
Acetyl equivalent, 137 
Acetyl acid equivalent, 137 
Acetylamino benzoic acid, 636 
Acetylparaminophenol, 633 
Achilles tendon, composition of, 429 
Acholia, pigmentary, 329 
Achromatin, 149 
Achroo-dextrin, 128 
Acid albuminates, 36 

, properties, 48, 49 ^ 

, formation in peptic di- 
gestion, 55, 359 
, absorption of, 413 

Acid amines, behavior in the animal body, 
630 

Acid equivalent, 137 
Acid fermentation of urine, 677 
Acid haemoglobin, 205 
Acid rigor, 466 

Acids, organic, behavior in the animal 
body, 624, 629-631 
Acidity of urine, 544, 545 

of the gastric contents, 374 
of the muscles, 448, 466, 467, 469, ^ 
Acrite, 114 
Acrolein, 132 
Acrolein test, 132, 136 
Acroses, 114 

Acrylic acid diureid. See Uric acid. 


Actiniochrom, 691 

Adamkiewicz-Hopkins reaction, 42, 103 
Adelomorphic cells, 349, 364, 

Adenase, 16, 271, 273 
Adenine, 157, 162, 271, 571, 578 
, properties, reaction, 162 
, in urine, 162, 578 

Adhesion, importance in blood coagula- 
tion, 227 
Adipocere, 442 
Adrenalin, 278, 279 

, relation to glycosuria, 298 
Adrenaiin-like bodies, 278 
-^Egagropila, 411 
-^Erotonometric method, 709 
Age, influence on metabolism, 755-758 
Agglutination, 195 
Agglutines, 26, 195 
Alanine, 26, 33, 54, 84, 305, 462 
Alanylalanine, 396 
Alanylglycine, 55, 396 
Alanylleucine, 396 
Albumin, 36, 45 

, detection of, in urine, 640, 643 
, quantitative estimation of, 645 
See also Proteids. 

Albumins, 36 

, general properties, 39, 45, 60 
. See also the various albumins. 
Albuminates, 36 

, properties, 49, 48 
, ferruginous albuminate in 
the spleen, 272 

Albuminoids, 37, 72-82, 430, 433, 492 
Albumoids. See Albuminoids. 
Albuminose, in spermatozoa, 498 
Albuminous bodies. See Proteids. 
Albuminuria, 640 

, alimentary, 413 
Albumoses. See Proteoses. 

Alcapton and alcaptonuria, 591, 597, 699 
Alcohol, See Ethyl alcohol. 

Alcoholase, 21 

Alcoholic fermentation. See Ethyl alco- 
hol. 

Aldehydases of the liver, 18 ’ , 

Aldehydes, 105 

, behavior in the animal body, 
631, 636 

Aleuron grains, 503 

Alexines, 186 , * 

Aldoses, 106 

Alimentary glycosuria, 299, 420 
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Alizarin, in the iiriiie, 639 

, administration, of, 438 
Alkali albuminates, 36, 48, 49 

, absorption of, 413 
Alkali albiimose, 49 

Alkali carbonates, physiological impor- 
tance for gaseous 
exchange, 698-702 
, action on secretion of 
gastric Juice, 350 
3 action on secretion of 
pancreatic Juice, 384 
. See A’-arious tissues 
and fluids. 

Alkalies, relation to gaseous exchange, 

' , 223, 224 

. diffusible and non-diffusible in 
blood, 224 

, division of, in blood corpuscles 
and plasma, 224, 238 
. See also the various fluids and 
'tissues 

Alkali phosphates in urine, 619-622, 720 
, occurrence. See the 
various fluids and 
organs. 

Alkali proteose, 49 
Alkali urates, 542, 575 

in calculi, 680 
in sediments, 542, 575, 677, 
678 

Alkali earths, elimination by the intestine, 
619, 626 

in urine, 619, 620, 626 
in bones, 436 

insufficient supply of, 438, 
439, 727, 738 

Alkaline fermentation of urine, 677 
Alkalinity, determination of, in blood, 191 
Alkaloids, action on muscles, 466 

, passage of, into urine, 639 
, retention by the liver, 280 
Alkyl sulphide of the skunk, 692 
Allantoin, properties and occurrence, 568, 
573, 583, 584 
in transudates, 259, 513 
, formation from uric acid, 568, 
574 

Alloxan, 568 
Alloxuric bases, 156, 578 
Alioxuric bodies, 156 
Alloxyproteic acid, 611, 613 
Alin^n-Bottger-Nylander’s sugar test, 1 16 
. 655 

Ambergris, 412 
Ambrain, 412 
Amide nitrogen, 26, 27 
Amino acids, 88-108 

, relation to formation of uric 
acid, 572 

, relation to formation of urea, 

liSiilliiiiiiii® 

, relation to carbohydrate 
, , ; metabolism, 305 


Amino acids, formation from protein sub- 
stances, 30, 33, '54, 380, 
394, 401, 4X6 

3 deamidation of, 305, 462, 550, 
.571 ' , 

, passage of, in the urine, 614, 
675 

, conjugation of, 34 
Amino-acetic acid. See GlycocolL 
Amino-benzoic acids, behavior in tlie ani- 
mal body, 636 

Amino-caproic acid. *866 Leucine. 
Amino-cerebrinic acid chloride, 486 
Amino-cerebrinic acid glucoside, 486 
Amino-cinnamic acid, 633, 635 
Amino-glutaric acid. See Glutamic acid. 
Amino-ethyl sulphonic acid. See Taurine. 
Amino-phenyl-acetic acid, behavior in ani- 
mal body, 634 

Amino-phenyl-propionic acid, 30, 585 
Amino-phenyl-propionic acid, behavior in 
the animal body, 585, 633 
Amino-propionic acid, 84. See also Al- 
anine. 

Amino-pyrotartaric acid. See Glutamic 
acid. 

Amino sugar, 107. ^ See also Glucosamine. 
Amino-succinic acid. See Aspartic acid. 
Amino-thiolactic acid. See Cysteine. 
Amino-valerianic acid, 84 
Amidulin, 126 

Ammonia, formation in autoiysis, 380 

, formation in protein putrefac- 
tion, 401 

, formation from protein sub- 
stances, 26, 29, 380, 394, 401 
544 

, formation in tryptic disect ion, 
394 

, occurrence in blood, 241, 551 
, occurrence in urine, 544, 549, 
623 

, elimination after administra- 
tion of mineral acids, 544, 
624, 625 

, elimination in disease, 549 
, elimination in diseases of the 
liver, 554 

, after extirpation or atrophy of 
the liver, 554 

Ammonia, estimation of, in urine, 623, 624 
Ammonium salts, relation to formation of 
glycogen, 291 
, relation to formation of 
urea, 572 

, relation to formation of 
uric acid, 551 

Ammonium-magnesium piiosphate in uri- 
nary calculi, 678, 682 
Ammonium-magnesium phosphate in in- 

testinal calculi , 411 

\^mon phosphate in uri- 

nary sediment, 679 
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Airuiaomum sulphate, method of separat * 
ing proteoses, 38. 
51, 60 

, method of separat- 
ing carbohydrates, 
289 

Ammonium urate in urinary sediments, 
681 

in urinary calculi, 677, 
678 

Amniotic fluid, 512 
Ampliicreatine, 457 . 

Amp iiopeptone, 51, 57 
Amygdalin, 17' ■ 

Amylose, 126' 

Amyiodextrin, 126, 128 
Amyloid, 36, 69, 431 

, vegetable, 129 

Amyloid degeneration, bile in, 329 

, chondroitin - sul- 
phuric acid in 
liver in, 431 

Amylolytic enzymes, 16, 386, 387. See 
also various tissues and secretions. 
Amylopectin, 126 
Arnylopsin, 387, 388 
Amylura. See Starch. 

Ansemia, pernicious, 246 
Anaerobic metabolism, 21, 461 
Aniline, behavior in the animal body, 
633 

Anisotropous substance, 447 
Antedonin, 691 
Antialbumate, 359 
Antialbumid, 56, 359 
Antialbumose, 51 

Antienzymes, 210. See also various en- 
, zymes. 

Antifebrine, relation to elimination of uro- 
bilin, 604 

Antimony, passage of, into milk, 539 

, action on the elimination of 
nitrogen, 54S 
Ainipeptone, 51, 54, 57 
Antipyrine, relation to formation of gly- 
cogen, 291 

, action on the urine, 604, 638, 
639 

Antitoxines, 25 
Antoxyproteic acid, 611, 612 
Anuria, in cholera, 694 
Aorta elastin, 75, 76 
Apatite in bone-earths, 436 
Aqueous humor, 264 
Arabiiiose, 108, 112 

, relation to formation of gly- 
cogen, 290 
Arabinosimine, 108 
Arabite, 106 
Araehidic acid, 131, 518 
Arachoidai fluid, 257 

Arbutin, relation to formation of glyco- 
gen, 291, 592 

, behavior in the animal body, 592 


Arginase, 16, 21, 36, 271 , 284, 550 
Arginine, 16, 59, 63, 96, 550 
Argon in blood, 697 

■ Arnold^s aceto-acetic acid reaction, 672 ■ ' 
Aromatic compounds, behavior .in animal 
body, 632-639 

Aromatic substances in the mine, 586, ■ 
Arsenic, in the animal body, 187, 239, 685, 
695 

action on the elimination of 
nitrogen, 548 

Arsenious acid, action on peptic digestion, 
359 

Arseniuretted hydrogen, poisoning with, 
331-333 
Arterin, 196 

Ascitic fluids, 259, 262, 263 
Asparagine, 88 

, relation to formation of gly- 
cogen, 291 

, nutritive value, 747 
Asparaginic acid. See' Aspartic acid. 
Aspartic acid, 87 

, relation to formation of 
uric acid, 572 

, relation to formation of 
urea, 550 

, formation from protein, 33, 
54,88 

, behavior in the organism, 
550, 572, 630 

Asparagus, odoriferous bodies of, in the 
urine, 639 

Assimilation limit, 259, 260 
Ass’s milk, 529 
Atmidalbumin, 52 
Atmidalbumose, 52 
Atmidkeratin, 75 
Atmidkeratose, 75 

Atropine, action of, elimination of uric 
acid, 569 

, on the secretion of saliva, 347 
Auto-digestion, 372. See Aiitolysis. 
Auto-intoxication, 25 ' 

Autolysis, 22, 23 

, substances retarding coagula- 
tion produced in, 234 
See also the various organs 
and tissues. 

Auto-oxidation, 3-8 

Bacterial proteins, 28 
Bacterium urese, 677 
Banting cure, 770 

Beer- vinegar bacteria, enzyme of, 11 
Beeswax, 138 

Bela’s acetone reaction, 671 
Bence-Jones proteid, 645 
Benzaidehyde, oxidation of, 5, 6 

, substituted aldehydes, be- 
havior in the animal 
. body, 636 

Benzoic acid, formation from protein sub-^ 

" 

, passage of, into OOd. 


782 


GENERAL INDEX. 


Benzoic acid, behavior in the organism, 3, 
585, 635 

, occurrence in the urine, 586 
, substituted benzoic acids, 
action in body, 635 

Benzene, 31, 70 

, behavior in the animal body, 
632, 633 

Benzoyl-amino-acetic acid. See Hippuric 
■■■acid" 

Benzoyl-cystine, 93 
Benzoar-stones ,411 
BiaFs reagent, 667 
Bifurcated air, 706 
Bile, 307-334 

, analysis of, 326, 327^ 

, antiseptic action, 405-407 
, enzymes of, 325 
, in disease, 329 

, infiiience on protein digestion, 358, 
393, 394, 398, 399 
, on the secretion of bile, 309 
, on the absorption of fat, 398, 405, 
406, 422-425 

, on tryptic digestion, 393, 394, 399 
, molecular concentration of, 326 
, passage of foreign bodies, 329 
, occurrence of, in urine, 426, 652 
, occurrence of, in gastric contents, 
373,398,399 
in meconium, 410 

, decomposition in the intestine, 403 
, chemical formation of, 329-333 
Bile-concretions, 333, 334 
Bile-pigments, 320-325 

, origin and formation, 329- 
333 

, reactions, 321,322, 652, 653 
, passage of, into urine, 652 
Biliary fistulae, 307, 406 

, influence of, on intestinal 
putrefaction, 406 
, influence on the food re- 
quirement, 406, 407 

Bile-salts, 310 
Bile-acids, 311, 319 

in urine 426, 652 
, detection of, 319, 652 
, absorption of, 426 • 

, origin of, 330, 331 
, Pettenkofer’s test ior, 311 
Bile-mucus, 310, 329 
Biiianic acid, 315 
Biiicyanin, 319, 322, 324 
Bilifuivin, 320 
BiJifuscin, 319, 324 
Bilihumin, 319, 324 

' ■Biliprasin, '3i9,’''^ ■"-"■■■"-■■"■ ■' ■ ■■■■■■■■■;■■■■■■”;-.■■■ ■' -■■■ -■ - ■ - , 

Bilipurpurin, 324 - 

Bilirubin, 319, 320 

210,215,319,331,333 



Bilirubin, putrefaction of, 400 
, occurrence of, 319 
Bill Verdin, 323 

in faeces, 409 
Biogen molecule, 4 
Biogens, 4 

Biological protein reaction, 186, 413 

Bismutii, passage of, into milk, 539 
Birotation, 88, 109 
Bitch’s milk, 529, 535 
Biuret, 34, 555 

Biuret base, 35; cleavage of, 395 
Biuret reaction, 43, 44, 50, 555 
Bladder. See tlrinary calculi. 

Bleeding, 248, 298, 697 
Blister fluid, 265 
Blonds, milk of, 534 
Blood, 170-249 

, general behavior, 170, 222, 225 
, analyses, quantitative, 235-241 
, analyses, physico-chemical, 191, 
236 

, arterial and venous, 196, 197. 241, 
697 

, defib rinated, 172 
, asphyxiation, 197, 697 
, quantity of, in the body, 248 
, detection, chemico-legal, 216 
, distribution of, in the organs, 249 
., behavior in starvation, 244 
, composition under various condi- 
tions, 241-247 
in gastic contents, 373 
in urine, 648, 650 
Blood-casts, 648 
Blood-clot, 172, 225 

Blood coagulation, 170, 171, 176-178, 225- 
235 

Blood-corpuscles, white, 220, 221, 226., 227 
, number of, 220, 225, 
226, 246, 247 
, relation to coagulation, 
220 

, red, 192, 193 
, number of, 192, 244, 
246 

, relation to high alti- 
tudes, 245 

, passage of, into urine, 
648 

, permeability of, 195 
, composition of, 218, 219 
Blood gases, 696, 702 
Blood-pigments, 195-221 

in bile, 329 
in urine, 648, 649 
, estimation, 217, 2 IS 
, regeneration, 216 
Blood-plasma, 172-183 

, composition of, 187, 188, 

■ 238-240 

Blood-plates, 220-222, 227, 228 

„• relation to coagulation of ■ 
' blood, 227, 231-233 
..-Btood-aekTum, 172, 183-192 ’ ^ . ■ ' > ' 
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Blood-serum, composition of, 188-192 
Blood-spots/ 2 17. 

Blood transfusion, 245, 247, 248 ■ 
Blueberries, Coloring matter of, in urine, 
639 ,, 

Blue stentorin, 691 ■ 

.Boar spermatozoa, 497 
Boas’ reaction for HCl, 374 , 

for lactic acid, 374 
Bones and bone tissues, 434, 440 

in starvation, 620 

Bone-earths, 436, 437 
Bone marrow, 172, 437 » 

Boneilin, 691 
Borneol, 609, 638 
Bottcher’s spermine crystals, 496 
Bottger-Alm^n-Nylander’s sugar test, 94, 
116, 655 

Bowman’s disks, 488 
Brain, 479-489 
Bromadenine, 159 
Bromanil, 32 
Bromhypoxanthine, 159 
Bromides, behavior to secretion of gastric 
juice, 364 

Bromine, passage of, into saliva, 346, 347 
Bromoform, from protein, 32 

, behavior in the animal body, 
631 

Bromtoiuene, behavior in the animal body, 
636 

Brunettes, milk of, 534 

Brunner’s glands, 377 

Buccal mucus, 341 

Buffy coat, 225 

Bufidin, 692 

Bufotalin, 692 

Bufotenin. 692 

Bufotin, 692 

Bull, spermatozoa, 497 

Burbot, spermatozoa, 62 

Bursfe mucosae, contents of, 266 

Butalanine, 81, 382 

Butter-fat, 517, 518 

, absorption of, 424 
Butterfly, pigment of wungs, 569, 690 
Buttermilk, 528 

Butyl alcohol, behavior in the animal body, 
632 

Butyric acid, in urine, 607 

in gastric contents, 376 
in milk fat, 517, 518 
Butyric-acid fermentation, 5, 110, 516 
in intestine, 
397, 403 

Butylmercaptan, 692 

Butyrinase, in blood, 185 

Byssus, 37, 81 . • 

Cadaver alkaloids, 24 
Cadaverine, 24, 98, 457 

in intestine, 676 
in urine, 615, 676 

Caecum, solution of cellulose in the, 397, 
398 
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Caffeine, 157 

, action on the muscles, 466 
, behavior in the, animal body, 579 
Calcium, lack of, in food, 438, 439, 737 

occurrence, 625. See also various 
tissues and fluids. 

Calcium carbonate in urine, 679 

. in urinary calculi, 682 
in urinary sediments, 
678 . 

in bones, 436, 439 
. in tartar, '348 , 
in otoliths, '494 ^ ' 

Calcium casein, 441 
Calcium oxalate in urine, 582 

m urinary sediments, 678 
in urinary calculi, 681, 
682 

Calcium phosphate, relation to the coagula- 
tion of fibrinogen, 
229 

, relation to the coag- 
ulation of casein, 
520 

, occurrence in the in- 
testinal concretions, 
410, 411 

in tile urine, 543, 619, 
620, 625 

in urinary sediments, 
679, 680 

in urinary calculi, 681 
682 

Calcium salts, elimination, 619, 626 

, importance, to coagulation 
of the blood. 17.1, 177, 
229 

, importance to coagulation 
of milk, 520 

. See various calcium salts. 
Calcium sulphate, in urinary sediments, 679 
, ion action, 168 
Calculi, salivary, 348 

, intestinal, 410-412 
, urinary, 680-683 
Calories of foodstuffs, 723-727 

of different rations, 763-771 
Campho-glucuronic acid, 122, 610, 638 
Camphor, beliavior in the animal body, 
610, 638 

Cane-sugar. See Saccharose. 

Capranica’s reaction for guanine, 161 
Capric acid, 331, 518, 530 
Caproic acid, 131, 518, 530 
Capryiic acid, 131, 518 
Caramel, 115, 124 
Carbamino acetic acid, 701 
Oarbamic acid, 563 

' in blood, 186, 552 

in urine, 552, 553, 563 
poisonous action, 552 
Oarbamic-acid ethylester, 563 
Carbazol, behavior in body, 634 
Carbogiobulinic acid, 701 . . 

Carbohsemoglobins, 207 ^ . 
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Carbohydrates; 104-130 

, importance in fat forma- 
tion, 444, 445, 753 
, importance in glycogen 
formation, 290, 292, 293 
, importance for muscular 
activity, 459, 468, 469, 
473, 474 

, action on protein metabo- 
lism, 738, 747, 748, 749, 
751 

, action on intestinal putre- 
faction, 415, 406, 589 
, absorption of, 419-421 
, inadequate supply of, 739 
. See also the various car- 
bohydrates. 

Carbolic acid, action on peptic digestion, 
359 

See also Phenol. 

Caii'jolic urine, 591 

Carbon, relation to nitrogen in the urine, 
628, 720 

, calorific value, 723 
Carbon dioxide, assimilation, 1 

in the blood, 696-701, 708- 
710, 712 

in the blood in diabetes, 
701, 702, 

in the blood in poisoning 
with mineral acids, 701 
in the intestine, 401, 403 
in the lymph, 251,* 702 
in the stomach, 372 
in the muscles during rest 
and activity, 468, 472 
in the muscles in rigor 
mortis, 466 

in the secretions, 702, 703 
in transudations, 703 
action on the secretion of 
gastric juice, 353 
elimination, dependence of 
external temperature 
upon, 761 

elimination in rest and ac- 
tivity, 468, 472, 759, 
760 

elimination by the skin, 
695 

elimination in the in- 
cubations of the egg, 
510 

' t., elimination in various 

.. ’ ages, 756-758 

Carbon-dioxide hsemoglobin, 207, 699 
Carbon-monoxide poisoning, 205, 299, 460, 
548 

action on the formation of lactic acid, 

action on the elimination of nitrogen, 

iliiiilii 

action on the elimination of sugar, 
Carbon monoxide hiemochromogen, 209 


Carbon-monoxide rnetliiemoglobiii, 207 
Carbon-monoxide blood test, Hoppe-Sey- 
ler’s, 206 

Carminic acid, 690 
Carnic acid, 457 
Carniferrine 457 
Gamine, 158, 456, 457 
, in urine, 578 
Carnitine, 457 
Carnomuscarine, 457 
Carnosine, 454 
Carp, sperma of, 63, 504 
,eggs of, 71 
Cartilage, 69, 431-434 

, quantity of ash, 434 
, behavior to gastic juice, 360 
, behavior to pancreatic juice, 395 
Cartilage gelatine, 433 
Caseanic acid, 30, 33, 101 
Caseid, 520 
Casein, 36, 47, 100 
, origin of, 537 
, from woman^s milk, 530 
, from cow’s milk, 518 
, quantitative estimation of, 526 
, absorption of, 413 
, behavior towards rennin, 362, 520 
, behavior to gastic juice, 47, 521, 
530,531 

, heat of combustion, 724 
Caseinokyrin, 58, 59 
Caseinic acid, 30, 33, 101 
Caseinogen, 521 
Caseoses, 52, 522 

, relation to the coagulation of 
blood, 171 
Castor bean, 25 
Castoreum, 692 
Castorin, 692 

Catalases, 7, 20. See also the fluids and 
tissues. 

Catalyzers, 7, 14, 15, 20, 201 
Catheterization of the lungs, 708, 709 
Cat’s milk, 527 
Cell, animal, 139-169 
Ceil constituents, primary and secondary, 
140 

Cell fibrinogen, 271 
Cell globulins, 141, 194 
Cell membrane, 142, 360 
Cell nucleus, 149 
Cellulose, 329 

, fermentation of, 129, 130, 397, 
404 

, solution of, in the csecum, 39S 
Cement, (in tooth structure), 440 
Cephalin, 485, 488 
Cephalic acid, 485 
Cephalopods, flesh of, 76, 455, 478 
Cerebrin, 268, 480, 481 483, 484, 

, in pus, 268 

Cerebrinin phosphoric acid, 4S6 
Cerebrinic acid, 486 
Cerebron, 480, 483, 485 
Cerebrosides, 194, 481, 482, 483 
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Cerebrospinal fluid, 264, 489 
Ceroiein, 138 
Cerotic' acid, 138 
Cerumen, 692 

Cervical iigament, 75, 76, 429 
Cetaceans,,” bones of, "438 
Cetin, 138 ■ ■ 

Cetyl alcohol, 138 
Chalaza, 506 

Charcot.’s crystals, 247, 496 
“Charge theory,^ ^ 364 
Clieiio-taurocholic acid, 315 
Chief (adeloniorphic) cells, 349, 364 
Children’s urine, 543, 549, 583 
Chitaminic acid, 121 ■ 

Chitarie acid, 121 
Chitin, 81, 120, 686 

, behavior in tryptic digestion, 395 
Chitosamine, 120, 686. See also Gluco- 
samine. 

Chitosan, 687 
Chitose, 121 

Chloral hvdrate, behavior in the animal 
body, 609, 632 
, action upon the secre- 
tion of bile, 309 

Chloral secretin, 309 

Chlorates, poisoning with, 203, 648 

Chlorazol, 32 

Chlorbenzene, behavior in the animal 
body, 639 

Chlorides, elimination by the urine, 616- 
619, 694, 695 

, elimination by the sweat, 695 
, action on protein metabolism, 
754 

, insufficient supply of, 736 
. See also various fluids and 
tissues. 

Chloroehrome, 282 
Chlorocruorin, 219 

Cliioroform, action on the elimination of 
chlorides, 615 

, action on the muscles, 466 
, action upon proteins, 40 
, behavior in the animal body, 
631 

Chlorometer, 618 
Chlorophan, 491 
Chlorophyll, 2 

, relation to blood-pigments, 
197, 214 

Chlorosis, 246 

Chlorphenylmercapturic acid, 639. 
Chlorrhodinic acid, 269 
Chlortoluene, behavior in the animal body, 
636 

Choiagogues, 308 
Cholamine, 315 

Cholalic acid, 310, 315-318. See also 
Cholic acid. 

Oholanic acid, 317 

Cholecyanin, 323, 324 '• ' , ' ' ' / ' - 

Choleic acid, 312, 317, 318 


Choleprasin, 319, 324 
Cholepyrrhinj 320 
Cholera, blood in, 240 
, sweat in, 694 
, ptomaines in, 25 

Cholera bacilli, behavior with gastric 
juice, 371 
Choiestanoi, 335 
Cholestenone, 335 
Cholesterilene, 334 
Choi esterin, 334, 335 

in blood-serum, 183, 194, 220 , 
in the bile, 310, 326, 327, 328 
in gall-stones, 333, 334 
in the brain, 480, 487, 488 
in the urine, 675, 682 
, importance in the cell, 140, 143 
, behavior toward saponin, 337 
Cholesterin calculi, 334 
Cholesterin ester in blood-serum, 183 
Cholesterin fat, as protective fat, 691 
Cholesterin-propionic ester, 335 
Cholesterimc acid, 315 
Cholesterone, 334 
Choletelin, 322, 323 

, relation to urobilin, 603 
Cholic acids, 315, 316, 335 
Cholic acid azide, 312, 315 
Cholic acid hydrazide, 312 
Cholic acid urethane, 315 
Choline, 25, 145, 147, 264, 325, 394, 482 
Cholohsematin, 324 
Choloidic acid, 319 
Cholylic acid, 316 
Ghondrigen, 77, 430 
Ghondrin, 81, 269 
Ghondrin balls, 433 
Chondro-albumoid, 433 
Chondroitie acid, 431 
Chondroitin, 431 

Ghondroitin-sulphurie acid, 42, 65, 66, 69, 

70,431 

, in urine, 611, 
647 

, in kidneys, 
542 

Chondromucoid, 69, 430, 433 
Chondroproteids, 65, 66, 69 

in the urine, 647 

Chondrosin from chondroitin - sulphuric 
acid, 431 
from sponges, 69 
Chorda saliva, 340 
Choroid coat, 493 

, pigment of, 688 
Chromatin, 149 
Chromhidrosis, 695 
Chromogens in urine, 601 

in suprarenal capsule, 277 ; 
Ciuysophanic acid, action on urine, 639 ; 

Chyluria, 675 ‘ 

Chyme, 366 . . 

, investigation of, 373-37^ . 
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Chymosin, 13, 16, 186, 361, 520 

, detection in gastric contents, 
373 

, occurrence in the pancreas, 
386, 395 

. See also Rennin. 

Gilianie acid, 315 

Cinnamic acid, behavior in the animal 
body, 585 

Citric acid in milk, 518, 532 
Ciupeine, 63, 64 
Coagulated proteids, 36, 61 
Coagulation of the blood, 170, 171, 176- 
/ 178, 225-235 
, intravascular, 234 
of milk, 362, 373, 396, 515, 
519, 530 

of muscle-plasma, 448,. 452, 
453,467 

Coaguiins, 232, 233 
Coaguloses, 56 
Cobra poison, 234 
Coccinic acid, 690 
Coccygeal glands, 692 
Cochineal, 690 
Cochinillic acid, 690 
Codfish, eggs, 504 

, spermatozoa, 62 
Coefficient, Haser’s, 627 

, respiratory, 445, 472, 721, 731 
, dissociation, 190 
, extinction, 218 
, urotoxic, 615 

Coffee, action on metabolism, 755 
Collagen, 37, 76-78, 395, 428, 433, 435 
Colloid, 68, 275, 499 
Colloids, 39, 40 
Colloid corpuscles, 499 
Colloid cysts, 498 
Colon, exclusion of, 427 
Coloring-matters. See various pigments. 
Colostrum, 528, 533 
Colostrum corpuscles, 528 
Comma bacillus, behavior with gastric 
juice, 371 

Compound proteids, 36, 65-72 

. See also the different groups 
of protein substances. 
Conalbumin, 507 
Conchiolin, 37, 81, 82 
Concentration, molecular. See various 
fluids. 

Concrements. See various calculi. 

Cones of the retina, pigment of, 491 
Conglutin, calorific value of, 724 
Connective tissues, 428-430 
Gopaiva balsam, action on the urine, 639 
Copper in blood, 187, 239 
in bile, 310 

, , in biliary calculi, 334 

■ in haemocyanin, 219 

. in protein sxibstances, 26 / 

■ in turacin, 690 

'Cqrnea, .434, > 493 \ - ' ' ' , . ’ 

Clo^eln, i37,;8l,;§2'; ‘ ^ ■ 


Cornicrystalline, 82' 

Corpora lutea, 216, 498 
Corpse wax, 442 

Corpulence, d'et cures for, 779, 771 
Corpus callosum, 488 
Corpuscula amylacea, 486 
Cow’s milk, 515-529 

, general behavior, 515, 516 , 

, analysis of, 524-527 
, anti-putrefactive action of, 
405, 588, 589 

, coagulation with rennin, 363, 
373, 516, 530 

, behavior in the stomach, 530, 
531 

, composition of, 526-528 
Cream, 530 

Creatine, relation to formation of urea, 
455, 550 

, relation to muscular activity, 
470 

, properties and occurrence, 455 
Creatinine, relation to muscular activity, 
470,472,563 

, properties and occurrences, 
563,564 

zinc chloride, 564 
Cresol, 30, 401, 588, 589 
Crevsol-sulphuric acid, 588, 589 - 
Crotonic acid, 674 
Crude fibre, digestion of, 427 
Cruor, 172^ 

Crusocreatinine, 457 
Crustaceorubin, 691 

Crusta inflammatoria or phlogistica, 225 

Crystalbumin, 493 

Crystalfibrin, 493 

Crystallins, 491, 492 

Crystalline lens, 492, 493 

Oystalline' seralbumin, 181 

Crystalloids, 39 

Cimiic acid, 634, 635 

Cumjnuric acid, 635 

Curd, 442, 520 

Cuorin, 144 

Cyanhamoglobin, 205 

Cyanhydrines, 106 

Cyanmethajinoglobin, 205 

Cyanocrystalline, 509, 690 

C^ranuric acid, 555, 568 

Cyanurin, 601 

Cyclopterine, 63 

C^nnene, 634 

C^rinine, 63 

Cysteine, 28, 29, 33, 93, 94 

, conjugation in animal body, 639 
Qysteinic acid, 93 

CS^stine, 28, 29, 34, 92, 93, 94, 331, 675 

, occurrence in urine, 611, 675, 676 
, occurrence in urinary sediments, 
680 

, occurrence in urinary calculi, 682 
, occurrence in sweat, 695 
, , behavior in animal body, 33 1 , 675, 
; ; -676 
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Cystiiiuria.v 24, 92, 615, ,675 , 

Cysts, tapeworm, 265 
, ovarial, 498, 502 
, thyroid, 275, 

, mucoid substances of, 498-501 
Gy tin, 271 

Cytoglobiii, 36, 142, 228, 271 
Cytosine, 152, 156, 165, 166 
Gytotoxines, 186 
Cytozym, 232 

Damaluric acid, 616 

Darnolic acid, 616 

Defibrinated blood, 172 

Dehydrbchloride hsemin, 212 

Dehydrocliolan, 311 

Dehydrocholic acid, 315 

Dehydrocholeic acid, 317 

Dehydrocholesterin, 335 

Delomorphoie or parietal cells, 349, 364 

Denig^'s reaction for uric acid, 576 

Denigets-Morner’s tyrosine test, 91 

Dentin, 437, 440 

Dermoid cyst, 502 

Dermocerin, 691 

Dermo olein, 691 

Dssaminoalbuminic acid, 49 

Desaminoproteic acids, 31 

Descemet’s membrane, 69, 492 

Desoxy cholic acid, 316 

Deuterocaseoses, 52 

Deuteroelastose, 76 

Deuteroproteose, 52, 60, 644 

Deuterogelatose, 76 

Deuteromyosinose, 79 

Deuterovitellose, 52 

Dextrins, 128 

, formation from starch, 128, 344, 
388 

, loading the stomach with, 364 
, occurrence in the gastric con- 
tents, 367 

, occurrence in muscles, 459 
, occurrence in portal blood, 242, 
419 

Dextrin-like substance in the urine, 608 
Dextrose, 114-118 

in blood, 184, 237, 242, 297-304 
in urine, 297, 608, 654-665 
in the lymph, 250 
in muscles, 459 
in the vitreous humor, 491 
, preparation of, 118 
, fermentation of, 20, 115, 657 
, detection of, 118, 655-660 
, reactions of, 115-117 
, absorption of, 419 
, quantitative estimation, 600- 
665 

Diabetes mellitus, 297-306, 654 

, elimination of ammo- 
nia by the urine in, 
625 

, relationship of the liv- 
er to, 300 
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Diabetes mellitus, relationship of the pan- 
".creas to, 301-3fe, . ■ 
blood in, 240, 297 
. , amount .of sugar in 

blood in, 297 
. , urine in, 543, 628, 654, 
670. , 

, COo in the blood in, 701 
, oxybutyric acid in the 
blood in, 702 

. , , oxybutyric acid in the 
' urine in,' 625,. 673 
Diaeetic acid. See aceto-acetie acid. 
Dialuric acid, relationship to formation 
of uric acid, 573 
Diamide, poisoning with, 584 
Diamino acids, 33, 96-101 
Diamines, 24, 97, 98 

in the urine, 615, 676 
in the intestinal contents, 24, 
676 

Diaminoacetic acid, 97 
Diamino-caproic acid. See Lysine. 
Diaminopropionic acid-dipeptide, 35 
Diaminotrioxydodecanoic acid, 101 
Diamino-valerianic acid, 97. See Ornith- 
ine. 

Diastatic enzymes, 16, 185, 295, 343, 388 
. See also other enzymes. 
Diastase in the blood, 185 
Diazo reaction, Ehrlich’s, 612, 613 
Diazobenzol-sulphonic acid, reaction with 
sugar, 117 

Dibenzoylornithin, 97 
Dicalcium casein, 519 
Dichlorpurine, 157 
Diet cures, 770, 771 

Diet for various classes of people, 763-765 
Digestion, 339-427 

Digestibility of food stuffs, 367-370, 417, 
418, 421, 423, 425 
Diglycyl-glycine, 35 
Dileucyl-glycy 1-glycine, 35 
Dileucylcystine, 35 

Dimethylaminobenzaldehyde, 43, 638, 

675 

Dimethyiaminobenzoic acids, 638 
Dimethyltoluidine, 638 
Dimethylketone. See Acetone. 
Dioxyacetone, 114 
Dioxybenzenes, 591, 592, 633 
Dioxydiaminosuberic acid, 33, 101 
Dioxynaphthalene, 633 
Dipalmitylolein, 132 
Dipeptides, 35-37 

, behavior with trypsin, 395, 
396 

Diphtheria toxins, action of the gastric 
juice upon, 371 

Disaccharides, 123 ^ 

in urine, 420, 665, 666 
, inversion of, 123, 293, 360, 
378, 419 

\ . as glycogen formers, 293, 
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Dissociation degree, 190 
Dissociation coefficient, 190 
Disteary llecit tiin , 143 
Diste 3 arylpalinitin, 132 
Doeglic acid, 135 
Dog's milk, 529, 535 
Dolphin’s milk, 529 
Donne's pns test, 651 
Dotterpiatchen, 37, 503, 509 
Dropsical fluid, 262 
Diileite, 106 

, relation to formation of glycogen, 
291 

Dysproteose, 51 
Dysiysins, 319 
Dyspeptone, 359 

Dyspnoea, action on protein catabolism, 
548, 758 

Ear, fluids of, 494 

Earthy phosphates, elimination by the 
urine, 618, 619, 
625, 626, 

, absorption of, 426^ 

, solubility in fluids 
rich in protein, 439 
, occurrence in bone- 
earths, 436-439 
, occurrence in calculi, 
333, 411, 681, 682 
, occurrence in sedi- 
ments, 678, 679 
. See also different 
earthy phosphates. 
Ebstein’s diet cure, 770, 771 
Echinochrom, 219 
Echinococcus cysts, cyst wall, 687 

, cyst contents, 265 

Eck’s fistula, 552 
Edestan, 62 
Edestin, 33, 46, 62, 100 

, absorption of, 413 
Edible bird’s nests, 69 
Eel, flesh of, 475 
Eel-serum, 171, 234 
Egg, 502 

, hen’s, 502-512 

, absorption in the intestine, 417 
, incubation of, 510-512 
Egg albumin. See Ovalbumin. 

Egg-shell, 73, 323, 509 
yoik, 502 
Egg-white, 506 

, albumin of the, 507 
Ehrlich’s diazo reaction, 612, 613 

test for bile-pigments, 654 
glucosamine test, 121 
urine test, 674 
Elaic acid, 134 

Elaldic acid, 135 . ’ " 

Eiaidin, 135 - ; 

Elastin proteoses, 76/77 
Elastin, 37, 75, 76/100 

; , behavior wdth gastric juice, 360 

,, behavior with trypsin, 395 


Elephant bones, 436 
milk, 529 
teeth, 440 
Ellagic acid, 412 

Embryo of the hen, development of, 511, 
512 ' 

Emulsin, 13, 609 
Emydiii, 509 

Enamel (of the teeth), 440 
Encepiialin, 482, 484 
Endoenzymes, 22 
Endolymph, 494 

Energy, potential, of foodstuffs, 723-728 
Enterokinase, 379, 383, 384, 386 
Enzymes in general, 9-23 
, zymogens, 16 

. "See various enzymes in the 
tissues, organs and fluids. 
Epidermis, 73, 685 
Epiguanine, 157, 578, 580 
Epinephrin, 278 
Episarkine, 157, 578, 580 
Erepsin, 153 

, importance for absorption, 380, 
391,416 
Erucic acid, 131 

, absorption of, 423 

Erythyrite, relation to glycogen forma- 
tion, 291 

Erythrocytes, 191-196. See also red 
blood-corpuscles. 

Erythrodextrin, 128, 344 
Erythropsin. See Visual purple. 

Esbach’s method for estimating proteid 
in urine, 645. 

Esters, cleavage of, 284, 389 
, synthesis of, 390 
Ethal, 138 

Ether, action on the blood, 193, 195 
, action upon proteins, 40 
, action on the secretion of gastric 
juice, 352 

, action on the muscles, 466 
Ethereal sulphuric acids in the bile, 310, 
325, 327 

Ethereal sulphuric acids in tlie perspira- 
tion, 694 

Ethereal sulphuric acids in the urine, 588- 
595, 622, 633, 637 

Ethereal sulphuric acids, synthesis of, in 
the liver, 280 

Ethyl alcohol, production by fermentation, 
10, 11, 21, 302, 396, 4.61 
, production in the intestine, 
400 

, passage of, into milk, 539 
, behavior in the animal 
body, 632, 754 
, action on the secretion of 
gastric juice, 351, 352, 
365, 369 

. . . , , action on the pancreatic 

juice, 385 

action on the muscles, 465, 
466 , . , 
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Etbyl alcohol, action on metabolism, 754 
j action on digestion, 369 
, action on proteins, 40, 41 
Etlijd benzene, behavior in the animal 
body, 634 

Ethylene glycol, relation to formation of 
glycogen, 291 

Ethylenimine. See Spermine. 
Ethylidene-lactic acid, 460. See also 
other lactic acids. 

Ethyl mercaptan, behavior in the animal 
body, 632 

Ethyl-sulphuric acid, behavior in the 
animal body, 631 

Ethyl sulphide, formation from protein, 
28, 30, 33 

, behavior in the animal 
body, 612 

Euglobulin, 179, ISO 
Euxanthic acid, 122, 638 
Euxanthon, 638 

Euxanthon glucuronic acids, 610 
Excrements, 408, 410_, 717, 718 

in dogs with biliary fistula, 407 
Excreta, of the animal organism, 715-720 
, division by the various channels, 
717 

Excretin, 410 
Excretolic acid, 410 
Exostosis, 438 
Expectorations, 713, 714 
Extinction coefficient, 218 
Extracellular action of enzymes, 22 
Exudates, 256-265 
Eye, 489-494 

Ficces. See Excrements. 

Fat, origin in the body, 442-446 

, general properties, detection and oc- 
currence, 131-138 
, relation to work, 471-474 

to the formation of glycogen, 
291 292 

, calorific value of, 723-728 
, nutritive value of, 723-728, 747, 748, 
751, 752 

, rancidity of, 133, 

, absorption of, 421-427 
, behavior with gastric juice, 363, 364 
, behavior with pancreatic juice, 388- 
390 

, saponification of, 133, 389, 423 
, action of, on the secretion of bile, 308 
, action of, on tiie secretion of gastric 
juice, 349-351 

, action of, on the secretion of pan- 
creatic juice, 384, 385 
5 iodized, behavior of, in the animal 
body, 442, 538 : ' 

5 estimation of, 136, 137, 526,; 527 
, metabolism of, in activity and at rest, 
471 

j metabolism of, in starvation, 729 
, metabolism of, with various foods^ 

■ 740,741,770,771.. ■' 


Fat, sugar formation from, 304-306 
Fat formation, from proteins, 442-446 

, from carbohydrates, 442- 
446 

Fat-sweat, 692 

Fatty acids, general properties, detection 
and occurrence, 131-138, 
441 

, solubility in bile, 422, 423 
, absorption of, 422 
, synthesis, 444, 445 

to neutral fats, 421 
Fatty degeneration, 443 
Fatty infiltration, 282, 283, 443 
Fatty series, beha%4or of members in tiie 
animal body, 629 
Fatty tissue, 441, 446 

, behavior with gastric juice, 
360 

Feathers, 73 

, pigments of, 692 
Fehling’s solution, 116, 660 
Fellic acid, 318 

Fermentation, 10, 11, 20,21, 109, 111, 115 
in the intestine, 397, 399 
403, 404 

in the urine, 677, 678 
in the gastric contents, 371, 
373 

, See also various fermen- 
tations, alcoholic, etc. 
Fermentation lactic acid, properties, occur- 
rence, etc., 460- 
462 

in the gastric 
contents, 353 
in the souring 
of milk, 460, 

. 515, 516 
, detection in the 
gastric con- 
tents, 374,375 

Fermentation saccharometer, 664 
Fermentation saecharomanometer, 664 
Fermentation test in the urine, 657, 663 
Ferments in general, 9-23 
inorganic, 14 
. See various enzyme*s. 

Ferratin, 282 
Ferrine, 282 

Fevers, elimination of ammonia in, 625 
, elimination of uric acid in, 569 
, elimination of urea in, 548 
, elimination of potassium salts in, 
623 

. , metabolism of proteins in, 543 
Fibre,, crude, utilization of, 427 
Fibres, elastic, in sputum, 714 
. , reticulate, 428 

Fibrin, 36, 171, 174, 183, 225, 228, 230 
, occurrence in transudates, 260 
‘ ' , Henle’s, 495 ‘ ' 

Fibrin coagulation, 175-178, 225-235 
, Fibrin calculi, 411 , - 6S2 
. Fibrin digestion, ‘356, . 373, S92-394 
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Fibrin ferment, 16, 175, 176, 177, 183,228- 

Fibrin formation, 175-178, 225-235 
Fibrin globulin, 173, 175, 177, 183 
Fibrin soluble. See Sergiobulin. 
Fibrinogen, 36, 172-177, 183,228-230,250 
■■■' Fibrinolysis, ' 173, 175 , , ' , . , ^ 

Fibrinoplastic substance. See Sergiobulin. 
Fibroin, 37, 81, 82 
Fiseher-Weiders reaction, 160 
Firsli-bones, ^38 
Fish-eggs, 37. 504, 509 
Ehsh-scales, 81, 160 
Fish, bile of, 310, 328 

, spermatozoa of,' 63, 151, 497 
, swimming-bladder of, 160, 710 
, visual purple of, 490 
Fish-glue, 77 

Flesh, metabolism, in starvation, 729 

, metabolism, with various foods, 
739-753 

Flesh quotient, 476 
Florence’s sperma reaction, 49.6 
Fluoride plasma, 231 
Fluorine in bones, 436 
in enamel, 440 

Fly-maggots, formation of fat in, 443 
Foods, influence on the secretion of intes- 
tinal juice, 377 

, influence on the secretion of bOe, 
■308 

5 influence on the secretion of gastric 
juice, 350, 351 

, influence on tlie secretion of pan- 
creatic juice, 382, 383 
, influence on the secretion of milk, 
536 

, influence on the elimination of uric 
acid, 569 

, influence on the elimination of 
urea, 548 

, influence on the elimination of 
purine bases, 578 

, influence on farces, 408, 409, 417, 
418, 421, 719, 

, influence on metabolism, 762 
, requirements, 763-771 
, various, 739-753 
, insufficient supply of, 734-739 
Foodstuffs, necessity of, 715 

combustion heat of, 723-728 
Formaldehyde, formation in plants, 1, 114 
action upon proteins, 50 
f combination with urea, 556 
, relation to sugar forma- 
tion, 113, 114 

Formic acid in gastric contents, 376 

, passage of, into urine, 607, 
629 

Frog’s eggs, 509 

membrane of, 66 . 

.Fructose, Bee Levulose, ' ' , 

Fruit sugar, SeeLevulose, ' 

Fundus glands, 349, 363, 364 /, 

' Fungi, glycogen in, 288 , . J, ' ■,' . ' ^ 


Fungi, tyrosinase in, 18 
Fumaric acid, 32; 

Furfuracrylic acid, 637 
Furfuracryluric acid, 637 
Furfurol, from pentoses, 111 

, relation to Pettenkofer’s bile- 
acid tests, 312 
, reagent for urea, 555 
, behavior in the animal body, 637 
Fuscin, 491 

Galactonic acid, 120 
Galactose, 106, 120, 524 

, from cerebrins, 484, 485 
, relation to formation of gtyco- 
gen, 293 

, passage of, in the urine, 665 
Galactosamine, 71, 121 
Galactosides, 108 

Galiaeetophenon, behavior in the animal 
body, 638 

Gallic acid, behavior in the animal body, 
597, 637 

Gallois’s inosite test, 459 
Gaitose, 108 

Gas, exchange of, in various ages, 755-757 
, exchange of, through the skin, 695 
, exchange of, in starvation, 730, 731 
, exchange of, in various conditions of 
the body, 445, 446, 472, 720, 721, 
730, 733, 757, 759, 761 
, exchange of, in the muscles, 468, 472 
, exchange of, starvation requirement 
of, 733 

Gases of the blood, 696-702 

of the intestine, 403, 404 
of the bile, 329,' 702 
of the urine, 626, 702, 703, 712 
of the hen’s egg, 509, 510 
of the lymph, 251, 702 
of the muscles, 465, 468 
of the transudates, 259, 712 
of the stomach, 372 
Gastric contents. See Chyme. 

Gastric fistula, 350, 352 
Gastric juice, 349 

, composition of, 353, 354 
, secretion of, 349-352 
, estimation of acidity of, 373, 
374, 376 

, relation to intestinal putre- 
faction, 371, 406-408 
, action of, 356-363, 366-371 
Gastric lipase, 363 
Gastric mucosa, 348 
Gelatine, 28, 77-80, 100, 582 

, relation to glycogen formation 

relation to coagulation of blood, 

, putrefaction of, 401 
, nutritive value of, 745 
: . , behavior wuth gastric juice, 360 
, , ; /behavior with pancreatic juice, 
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Gelatine in the egg, 51 1 
Gelatine and the detection of trypsin, 290 
Gelatine-forming substances. See Colla- 
gen. ' 

Gelatine peptones, 57, 58,. 79 
Gelatine sugar. See Glycocoil. 

Gelatinous tissues, 429 
Gelatoses,, 79 , 

j relation to blood coagulation, 
171 

Generation, organs of, 495-513 
Gentkic acid, 599 

, behavior in the animal 
body, 637 

Gentisic aldehyde, 599 
Gerhardt's diacetic acid reaction, 672 
Globan, 46 

Globin, 62, 99, 197, 208 
Globulins, 36 

, general characteristics, 45 
, in starvation, 187 
, in urine, 643 
, in protoplasm, ,140 
' . See also the different globu- 

lins. 

Giobuloses, 52 
Glucalanine, 81 
Glucase, 21, 185, 345, 346 
Glucocyanhydrin, 106 
Glucoheptose, 106 
Gluconic acid, 105, 114, 300 
Glucosamine, 108, 120, 121 

from chitin, 120 
from proteins, 32, 65, 67, 
500, 506-508 
in diabetes, 300 
relation to formation of 
glycogen, 294 

Gluconucieoproteids, 71, 72 
Glucoproteids, 36, 65-72, 141, 428, 430, 
500,506 

, relation to formation of 
glycogen, 292, 293, 295 
Glucoproteose, 55 
Giucosaminic acid, 121 
Glucosan, 115 

Glucose, 105, 106, 114. See also Dex- 
trose. 

Glucosides, 13, 108, 110 
Giucosoxime, 106 
Gliicorone, 122 

Olucothionic acid, 222, 272, 285, 431, 514, 
542 

Glucuronic acid, 121, 122 

, relation to formation of 
glycogen, 291 
, conjugated, 122, 609, 
632, 638, 666 
in diabetes, 300 
in blood, 184 
in bile, 310, 325 , 
in urine, 609, 632, .638, 

■ m 

Glutamic acid, 88 
Giuteines, 77. 
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Gluten casein, 100 
Gluten proteins, 100 
Glutin peptones, 58, 79 
Glutokyrin, 58 
Glutose, 108 
Giutinase, 391, 392 
Glutinic acid, 78 
Glyceric acid, 630 
Glycerine aldehyde, 80 
Glycerine relation to formation of glyco- 
gen, 291 

relation to formation of sugar, 
305 

Glycerophosphoric acid, 144, 247, 272, 277,, 
325 

Glycerophosphoric acid in urine, 608, 614 
Glyceroses, 114 
Glycine. Bee Glycocoil. 

Glycocholeic acid, 312 
Glycocholic acid, 310, 312 

, occurrence in excre- 
ments, 404 

, occurrence in bile from 
various animals, 328 
, absorption of, 426 
, behavior to intestinal 
putrefaction, 406 
Glyeocholates from rodents, 313 
Glycocoil, 83 

Glycocoil, relation to formation of uric 
acid, 568, 572 

, relation to formation of urea, 
550, 551, 630 

, synthesis with, 3, 585, 586, 635 
Glycogen, 140, 287-307 

, origin of, 289-307 
, relation to muscular activity, 
468, 472 

, relation to muscle rigor, 466 
, relation to pepsin secretion, 365 
, occurrence in sputum, 714 
, occurrence in leucocytes, 221 
, occurrence in the lungs, 713 
, occurrence in the lymph, 251 
, occurrence in protoplasm, 140, 
148, 221, 268 
Glycol aldehyde, 2 
Glycolysis, 185, 302, 303, 396 
Glycolytic enzyme, 20, 185, 302, 303 
Glycosuria, 297-307 

, alimentary, 298, 420 
Glycosuric acid, 597 

Glycumnic acid, 121. See Glucuronic acid; 
Glycylalanine, fe, 395 
Chycylglycine, 35, 396, 630 
Glycyl-l-leucine, 35 , 

Glycyl-l-tyrosine, 35 

Glyoxyl diureide. See Allantoin. , , i ;? 
01yo3^ic acid, as reagent, 42 
Gmelin’s test for bile-pigments, 321 

test for bile-pigments in urines r 

Gold equivalent of the proteiuB^ 41, . 

. Goose-fat, absorption 423 
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Gorgonin, 82 

Gout, elimination of uric acid in, 570 
Graafian follicles, 498 
Grape-moles, 512 
Grape-sugar. See Dextrose. 
Guaiaconic acid ozonide, 649 
Guaiaciim blood test, 648 
Guaiiase, 16, 271, 273, 571 
Guanidine, 32, 33, 501, 550 
Guanine, 158, 160 

in urine, 578 
Guanine gout, 160 
Guano, 160, 569 
Guano-bile acids, 313 


Haemochromogen, 197, 208, 209 

, occurrence ■ in muscles^ 

■'■451;, 

Hsemocyaniii, 219 
Haemoglobin, 36, 65, 197 

, composition of, 198 
, properties and behavior, 202 
, quantity in blood, 197, 242- 
247 

, quantitative estimat ion, 
217-219 

, See also Oxyhfcmogiobin 
and the combinations of 
heemogiobin with other 


Guano vulit, 510 

Guanylic’ acid, 151, 153, 155, 156, 381 
Gulonic acid lactone, 121 
Guiose, 113, 118 
Gums, various, 129 
, animal, 67 
, animal, in urine, 608 
Gunning-Lieben’s acetone reaction, 670 
Giinzberg’s reagent for free HCl, 374 

Hsemagglutination, 195 
Haemase, 20 
Hsemataerometer, 706 
H^matin, 197, 209 

, relation to bilirubin, 332 
, relation to urobilin, 603 
, neutral haematin, 208 
H^ematinogen, 216 
Hajmatinometer, 217 
Hsematinic acids, 210, 211, 325 
Hsematinic acid imide, 211, 320 
Hcematinic acid ester, 211 
Hgematocrit, 236 
Hasmatogen, 503, 510 
Hsematoglobulin. See Oxyhaemoglobin. 
Haematoidin, 216 

, relation to bilirubin, 216, 
320, 331 

, occurrence in sputum, 714 
, occurrence in corpora iutea, 
498 

, occurrence in excrements, 
409 

, occurrence in sediments, 680 
Hacmatoporphyrin, 213 

, relation to chlorophyl, 
197, 214 

, relation to bilirubin, 

; . 215,320,332 

, relation to urobilin, 
214, 332, 603 

, , occurrence in urine, 

601,649,650 

'• ~ , 3 occurrence in lower 

animals, 690 

Haematoscope, 219 
lisematuria, 648 . 

Haemerythrin, 219 , , 

Haemin, 211, 649 

Hsemin crystals, 211, 649 ,4 

,,Ha&rnochrom, 196, 199 


. '■. , gases. 

Haemoglobinuria, 648 
Haemolysis, 193, 337 
Haemolysins, 186, 193 
Haemometer, 219 
Haemopyrrol, 197, 214 
Haemorrliodin, 207 
Haemoverdin, 208 
Haser’s coefficient, 

Hair, 73, 685 

, pigments of, 689 
Hair-balls, 411 
Half-rotation, 109 

Hammarsten’s reaction for bile-pigments, 
322,653 

Haptogen-membrane, 517 

Heat, action of, on metabolism, 761 

of combustion of various foodstuffs, 
' ■723-727 
Helicoproteid, 71 
Heller’s albumin test, 41 

albumin test applied to urine, 640 
Heller-Teichmann’s blood test, 649 
Hemi celluloses, 130 
Hemicoilin, 79 
Hemiclastin, 76 
Hemiindigotin, 594 
Heminucieic acid, 154 
Hemipeptone, 51 
Hemp-seed calculi, 681 
Hen, development of the embryo of, 511, 
512 

Hen’s egg, 502-512 

, incubation of, 510 
white of the, 506-510 
yoke of the, 502, 506 
Heptoses, 105 

Herring, spermatozoa of, 63, 498 
Heterolysis, 23 

Heteroproteoses, 51, 55, 56, 57 
Heterosyntonose, 100 
Heteroxanthine, 157 

in urine, 579 

Hexone bases, 63, 96-100 
Hexoses, 113-120 

. See also the various hexoses. 
High altitude, action on the blood, 245 
Hippokoprosterin, 337 
Hippomelanin, 688 
Hippuric acid, 585 

,properties and reactions^ 5 87 





GENERAL INDEX. 


793 


Hippuric acid, estimation of, 578 

, formation in the body, 3, 

' 585, 635 

, cleavage of, 4, 584,587, 588 
, occurrence of, 585- 
as sediment, 679, 680 
Hirudin, 231, 233' 

Histidine, 63, 99, 100, 108 
, Histidyihistidine, 35 , ■ 

Histone, 27, 36, 61, 100, 208, 229, 270 
' in urine, 647 . 

."Histozyme, ,588 , 

Ho,fmann's .tyrosine test, 91 
Hog-fat, 423 

, absorption of 
Hog-fies.h, 47,5 , 

Holothuria, mucin of, 69 
Holozyme, 232 
,'Homocerebrin, 482-484 
Homogentistic acid, 68, 90, 597-599 
Hoppe-Seyler’s CO blood test, 206 

xanthine test, 160 

Horn, 73, 685 

Horn substance. See Keratins. 

Horse’s, milk, 529 . , 

Human milk, 529-535 

, behavior in the stomach, 

■ . 530,, 531 

Hum in substances in urine, 600 
Humor, aqueous, 264 
, vitreous, 491 

Huppert’s reaction for bile-pigments, 322 
reaction for bile-pigments in 
urine, 653 
Hyalines, 68 

of the walls of hydatid cysts, 687 
of Rovida’s substance, 141, 221, 
267 

Hyalogens, 65, 68 
Hyalomucoid, 490 
Hydatid cysts, 687 
Hydriemia, 246 
Hydramnion, 513 
Hydrazones, 107 
H^robilirubin, 320 

, relation to urobilin, 603 
Hydrocele fluids, 259, 264 
Hj'drocephalus fluid, 264 
Ilydroquinone, 591, 639 
Hydroquinone sulphuric acid, 588, 592 
Hvdrochloric acid, secretion in stomach, 
353, 364, 365, 373 
, anti-fermentive action 
of, 371 

, action of, on secretion 
of pancreatic juice, 

, action of, on secretion 
of bile, 308, 309 
, action of, on pylorus, 
367 

, material of, 371 
, quantitative estima- 
tion in gastric con- 


Hydrochloric acid, . reagents for .free HCl in 
. gastric contents, 374 
■ Hydrocinnamic acid, behavior in the .ani- 
mal body, '585 , 

Hydrocyanic acid, action on peptic diges- 
tion, 359 

' ,. action .on tryptic di- 
. gestion, 393 

Hyd.rogen in putrefactive and fermeiitive 
processes, 5, 401,. 403 
Hydrogen peroxide, d.ecompGsitioii of. 

by catalases, 7, 20 
Hydrogenases, 19 
Hydrolytic cleavages, 9, 16 

, ■ . . See also the various' 

.. cleavages. , 
Hydronephrosis fluid, 542 
Hydroparacoumaric acid, 597 

, in intestinal 
. putrefaction, 
401 

Hydroxylamine, poisoning with, 584 
Hyogiycocholic acid, 313 
Hyperglucffimia, 298, 299 
Hyperisotonic solutions, 193 
Hypisotonic solutions, 193 
HypnoticR, relation to formation of gly- 
cogen, 291 
Hypogaeic acid, 138 
Hyposulphites in the urine, 612 
Hyposulphurous acid in urine, 612, 631 
Hypoxanthine, 158 

, properties, 161, 162 
, passage of, into urine, 578 

Ichthidin, 504, 509 
Ichthin, 509 
Ichthulin, 71, 504, 509 
Ichthylepidin, 81 
Ignotin, 457 
Icterus, 307, 333, 652 
, urine in, 

Immunity, 25, 186 
Incubation of the egg, 510 
Indican test, Jaffe’s, 594 

, Obermeyer’s, 594 
Indican, urine, 592-594 

, elimination in .starvation, 404, 
592, 593 

, elimination in disease, 592, 593 
Indigo, 402, 592, .594 
, in sweat, 695 
, in urinary sediments, 680 
Indigo blue. See Indigo, 

Indigo red, 594 
Indigo sulphonie acid, 595 
Indm, properties, 402 

, formation from protein, 30, 34, 102 
, formation in putrefaction, 401, 402, 
588, 592 

. , formation from melanins, 689 
, in the blood, 186 - ■ , 

Indolacetic acid, 596 
Indolaminopropionic acid, 30 102 
Indophenol reacf^idn, 18 , 
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IndoxyL See IndoL / 
indoxjd-glucuronic acid, 592, 595 
Indox,yl red. 594 
Ixidoxyl-sulphuric acid, 592, 595 
Inosinic acid, 155, 454, 457 
Inosite, properties and occurrence, 458, 
459 

in urine, 668 

, relation to formation of glycogen, 
291 

Integral factor, 574 
Intestinal calculi, 410-412 
Intestinal fistula, 377, 380, 399 
Intestinal gases, 403, 404 
Intestinal juice, 377-379 
Intestinal mucosa, 377 
Intestine, putrefactive processes in, 399- 
408, 586-590 

, reaction in, 399, 400, 406-408 
, absorption in, 406, 411-427 
, digestive processes in, 396-405 
Intestine nucleic acid, 152 
Intracellular enzymes, 22. See also the 
various organs. 

Inulin, 127 

, relation to formation of glycogen, 
290 

, relation to the secretion of pepsin, 
365 

Inversion, 123, 361, 397, 419 
In%’ert.ases, 16, 185, 361, 378, 419 
Invert-sugar, 123 

Iodides and secretion of gastric juice, 364 
Iodine equivalent, 137 
Iodine, passage of, into milk, 539 
, passage of, into sweat, 695 
, passage of, into saliva, 347 
, action upon protein, 30 
, in the blood, 187, 243 
, in glands, 27, 271, 275, 276 
Iodized proteins, 30, 81, 275, 598 
Iodized fats, 442, 538 
Iodoform, behavior in the animal body, 
631 

test, Gunning's, 670 
test, Lieben's, 670 
lodogorgonic acid, 82 
ludohffimatin, 213 
lodospongin, 81 
lodotliyreoglobulin, 275 
lodothyrin, 275, 276 

Ion action, 15, 39, 168, 169, 359, 393, 464 
Iron in blood, 238, 239 
in urine, 626 
" in new-born, 286, 535 
, elimination of, 325, 332, 347, 626 
and blood fonnation, 244, 245, 503 
and bile formation, 332 
. , absorption of, 244, 245 

See also various tissues and fluids 
Iron starvation, 738 
Isobilianic acid, 315 . , 

Isocholanic acid, 317 / , ' 

Isocasein, 520 ' , , ■ ’ , - 

Isocholesterin, 335, 337, 691,. p2; 


Isocreatinine, 454 
Isocysteine, 93 
Isodynamic law, 726 
Tsoglucosamine, 108 
Isolactose, 16 
Isoleucine, 87 

Isomaltose, 125, 184, 344, 388 
in urine, 608 

Isosaccharin, . relation to formation of 
glycogen, 291 
IsGserine, 96 
Isotonic solutions, 193 
Isotropous substance, 447 
Ivory, 440 

Jaffe's indican test, 594 

creatinine test, 566 
Jantliinin, 691 
Japanese, nutrition of, 764 
Jaune indien, 122 
Jecorin, 147, 273, 283 
, in blood, 184 
Jequirity bean, 25 

Joiles's reaction for bile-pigments, 653 

Kathaemoglobin, 208 
Kephir, 524, 528 

, anti-putrefactive action, 405 
Kephir lactase, 524, 610 
Kerasin, 482, 283, 484, 488 
Keratose, 73 
Keratins, 37, 73-75, 685 

, behavior in the stomach, 360 
, behavior with pancreatic juice, 
396 

Ketones, behavior in the animal body, 632, 
637, 638 

Ketoses, 105, 113, 119 
Kidneys, 541 

, relation to formation of urea, 553 
, relation to formation of bippuric 
acid, 586, 587 

Kinases, 16, 176,231,232,233,379,383,380 
Kjeldahl’s method of determining nitro- 
gen, 556 

Knapp's titration method, 662, 663 
Knee-joint cartilage, 364-434 
Rnop-Hufner's method for determining 
urea, 562 

Koprosterin, 335, 337, 408 
Krinosin, 486 
Kumyss, 524, 528 
Kyestein, 680 
Kynurenic acid, 597, 600 
Kyrins, 58, 59 
Kyroprotic acids, 31 

Laborer, diet of, 763-770 
Laccase, IS 
Lactaeidase, 21 

Lactalbumin, 36, 522, 523, 526 
Lactase,. 524 , 

in the intestine, 379, 419 
in the pancreas, 386 

^,L$ctat6&. ^ 'See-. Lactic, acids, also 461-463 
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Lactic-acid fermentation, 110, 116, ' 371, 
373, 389, 400, 
460, 516, 524 
ill intestine, 397 
399 

in stomach, 371, 
373 

inmiik,515,516, 
523, 524 

Lactic acids, ' 460 

, in intestine, 397, 400 
, in urine, 460, 572, 608 
, in bones, 439 
, in stomach, 353, 374 
, reiatioii to formation of uric 
, , acid, 572, 573 
. See also Paralactic and Fer- 
mentation lactic acids. 
Lacto-caramel, 524 
Lacto-globulin, 522 
Lactolase, 21 

Lactone of saccharic acid, 121 
Lactones of varieties of sugars, 105, 106 
Lactophosphocarnic acid, 523 
Lactoprotein, 523 
Lactose. See Milk-sugar. 

Laiose, 665 

Lakey color of blood, 225 
Lamb, intestinal fluid in the, 377 
Lanoceric acid, 692 
Lanocerin, 692 
Lanolin, 337, 642 
Lanopalmitic acid, 692 . 

Lanugo hair, 512 
Lard, absorption of, 424 
Large intestine, extirpation of, 426, 427 
, secretion of, 380 

Latebra, 502 

Laurie acid, 131, 138, 5 IS 
Lead in the blood, 239 
in the liver, 286 
passage of, into milk, 539 
Lecithalbumins, 47, 349, 541 

, relation to secretion of 
gastric juice, 349 
, relation to secretion of 
urine, 541 

Lecithans, 488 
Lecithins, 143, 144 

, in egg-yolk, 502, 503 . 

, in the brain, 480, 488 
, in the muscles, 463 
, in milk, 518, 532 
3 in the liver, 283 
, importance for cells, 143, 193 
, putrefaction of, 146, 177, 404 
Legal’s acetone reaction, 671 , 

Lens, (see Crystalline lens), 492 ^ 

, capsule of, 69, 492 
, fibres of, 492 

Lepidoporphyrin, 690 , , 

Lepidotic acid, 690 
Lethal, 138 
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Leucaemia, blood, 158,, 247. ' 

, , uric acid, dimination in, 274, 

■ 569, ,'570 ^ : 

purine 'bases in, 158, ■ 247, 
578 

Leucin, 85-87 

, relation to formation, of uric 'acid, 
572 , 

, relation to format ion of urea, 550, 
551, 630 

, passage nf, into, urine, '614,. 675 
■ , behavior in the animal body,' 550, 
551, 630 
Leucin ester, 86, 87 
Leucin ethylester, 87 
Leucinic acids, 86 
Leucinimide, 87 

Leucocytes, relation to absorption, 416 
, relation to formation of urie 
acid, 570 

, in thymus gland, 272 
Leucomaiiies, 24 

, in urine, 615 
, in muscles, 457 
Leuconuclein, 229, 270 
Leucylalanyl-glycine, 35 
Leucyl-l-tyrosine, 35 
Levolactic acid, 460 
Levuline, 127 

Levulinic acid, 67, ll3, 152, 524 
Levulose, 106, 108, 118, 119 
, in urine, 664 
, in blood, 184 

, relation to glycogen formation, 
293 

, absorption of, 419, 420 
, l">ehavior in diabetics, 300 ‘ 

, in transudates, 260, 512 
Lichenin, 127 

Lieben’s acetone reaction, 670 
Lieberkiihn’s, alkali-albuminate, 48 
, glands, 377 

Liebermann’s reaction for proteins, 43 
laebermann-Burchard’s reaction for clio- 
iesterin, 336 

Liebig’s titration method for estimating 
urea, 557-560 
Lienases, 273 

Ligamentum nuchfe, 75, 76, 429 
Lignin, 129 
Linoieic acid, 131, 135 
Linolic acid, 504 

Linseed-oil, feeding with, 442, 538 
Lion^s urine, 567 
Lipanln, absorption of, 423 
Lipase, 16 - 

in blood, 185 
in stomach, 363 
in the intestine, 379, 380 . . 

: in the liver, 284 

in pancreatic juice, 384, 388 

lipiawsky ’s acetoacetic acid reaction. 
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Lipochromes, 186, 505 
Lipoids, 193 
Lipuiia, 675 

Lithium, in blood, 166, 239 
Lithium lactate, 463 
Lithium urate, 575 
Lithobiiic acid, 411 
Lithofellic acid, 318, 411 
Lithurie acid, 616 
Liver, 280-287 

, relation to coagulation of blood, 
172, 234, 235 

, relation to formation of uric acid, 
571, 572, 573 

, relation to formation of urea, 550, 
551, 552, 554 
, blood of, 242, 296, 297 
, proteids of, 286, 287 
, fat of, 282, 283 

, quantity of sugar in, 295, 296, 297 
Liver atrophy, acute yellow, 23, 284 

, elimination of amino acids 
in, 284, 285, 675 
, elimination of ammonia in, 
554 

, elimination of urea in, 554 
, elimination of lactic acid 
in, 461, 608, 609 
, autolysis, 23, 284 

Liver ciiThosis, ascitic fluid in, 262, 263 
, action of, on the elimina- 
tion of ammonia and 
urea, 554 

Liver extirpation, elimination of ammonia 
%vith, 554, 572 
, elimination of uric acid 
with, 572, 573 
, elimination of urea with, 
554 

, elimination of lactic 
acids with, 460, 572, 
608 

, action on formation of 
bile, 330 

Lotahistone, 62 
Lung catheter, 708 
Lungs, 703, 704, 713, 714 
Luteins, 505 

in corpora lutea, 216, 498 
, egg-yolk, 505 
iti blood-serum, 186 
, relation to hsematoidin, 216, 505 
Lymph, 250-256 
Lymphagogiies, 255 
Lymphatic glands, 269 
Lvmph-cells, quantitative composition of, 

. See also Leucocytes. 

, Lymph-fibrinogen. See Tissue-fibrinogen. 
Lysalbinie acid, 49 ' , . 

Lysatine and lysatinine, 99 
Lysine, 33, 64, 98, 99, 186 
Lysines, 25, 186, 193 , , v 


Mackerel, flesh of, 475 

, sperm of, 62, 63 
Madder, feeding with, 438 
Magnesium in urine, 625, 628 
in bones, 436, 440 
m muscles, 464, 475, 477 
. Bee also various tissues and 
fluids. 

Magnesium phosphate in intestinal calculi, 
411 , 

in urine, 619, 625, 
628 

in urinary calculi, 
680, 681, 6S4 
in urinary sedi- 
ments, 677, 679 
in bones, 436, 440 
Magnesium soaps in excrements, 40S 
Malic acid, behavior in the animal body, 
544 

Maltase, 16, 125, 345, 346, 388 
Maltodextrin, 128 
Maltoglucase, 21, 185, 344, 340 
Maltose, 123, 124 

, formation from starch, 124, 127, 
344, 388 

, absorption of, 419 
, relation to glycogen formation, 
293 

in intestine, 397, 419 
, occurrence in urine, 667 
Mammary glands, 514, 537 
Mandelic acid, 634 
Man in poorhouse, diet of, 770 
Mannite, 106 

, relation to formation of glycogen, 
291 

Mannonic acid, 1 14 
Mannose, 108, 113, 114, 118 
Mare’s milk, 530 

Margaiine and margaric acid, 134 
Marsh-gas, formation in putrefaction, 30, 
401, 404 

Martamic acid, 154. See also Methane. 
Maschlm’s creatinine reaction, 565 
Meat extracts, action on secretion of gas- 
tric juice, 365 
, constituents of, 454, 456 
Meat, utilization in intestinal tract, 417 
, calorific value of, 724-726 
, digestibility of, 368 
j composition of, 443, 444, 474-476 
, See also muscles. 

Meconium, 410 
Medulla oblongata, 486 
Meianins, 154, 688-690 
in the eye, 491 
in the urine, 651 
Meianogen in the urine, 651 
Melanoidic acid, 688 
Melanoidins, 27, 30, 154 
Melanotic sarcoma, pigment of> 688 
Melissyl alcohol, 138 
Membranins, 69, 434, 492 
Menstrual blood, 187, 242 ! 
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Menthol, behavior in the animal body, 638 
Mercaptan, from proteins, 30, 33, 73, 401 
Mercapturic acids, '638 ■ 

Mercury saitsj passage of, into milk, 539 
, passage of, into sweat, 695 
, action on ptyalin, 346 
, action on trypsin, 393 
Mesitylene, behavior in the animal body, 
635 

Mesitylenic acid, 635 
Mesitylenuric acid, 635 
Mesoporphyrin, 214 
'.Metacasein reaction, 521 
Metabolism, dependence of external tem- 
perature upon, 761, 762 
in various ages, 755-758 
in work and rest, 467-474, 
758-761 

in different sexes, 756 
in starvation, 728-733 ^ 
with diff'erent foodstuff's, 739- 
754 

in sleep and waking, 761 
calculation of extent of, 720, 
723 

Metalb umin, 499, 500 
Metallic sols, 14 

Metaphosphoric acid, as reagent for, pro- 
teins, 41, 642 
Metazym, 232 
MethfEmoglobin, 203, 218 

in urine, 648 

Methal, 138 

Methane, formation in putrefaction, 30 
401, 404 
Met hose, 114 
Methylenitan, 114 

Methylethylmaleic acid anhydride, 211 
IMethylfurfurol, 336 
Methyl glycocoll. See Sarcosin. 
Methylguanidine, 455, 457, 565 
Methylguanidin-acetic acid. See Crea- 
tine. 

Methylhydantoic acid, 631 
Methyl indoi. See SkatoL 
Methylimidazol, 1 OS 

Methyl mercaptan in proteins, 30, 4G1, 
404 

Metliyl pentose. See Rhamnose. , 
Methvl pvridine, behavior in the animal 
body, 634, 637 

jMethyi-pyridyl -ammonium hydroxide, 
639 

Methylthiophene, 336 
Methyl lira mine, 455, 457, 565 
Methyl xanthine, 157, 579, , 

Micrococcus restitueiis, 415 
Micrococcus urea, 677 
Miero-organisrns in intestinal tract, 24, 
371, 398, 399, 405, 408 

, secretion of, 536, 537 
, consumption of, in intestine, 417, 
425, 530, 531 


Milk, anti-putrefactive action in intestine, ■ 
405,589 ■ 

in disease, 539 

passage' of foreign bodies into, 538 
, behavior in the stomach, 367, 371, 
530,531 

■ See also various kinds of milk. 
Milk-fat, 517, 530 

, formation of, 537, 538 
Milk-globules from cow’s milk, 516, 517 
from human milk, 530 
Milk-plasma, 518 
Milk-sugar, 135, 524 

, relation to formation of gly- 
cogen, 293 
, properties of, 524, 

, fermentation of, 524 
, calorific value of, 724 ^ 

, quantitative estimation of, 

" 527. 

, absorption of, 419 
, passage of, into mine, 293, 
420, 524, 665 
, origin of, 538 
Millon’s reagent, 42, 43 
Mineral acids, alkali-removing action of, 
544,624 

, action on the elimination 
of ammonia, 544, 624 
Mineral bodies, elimination in starvation, 
620,623,731 

, insufficient supply of, 734- 
738. ■ ■ . 

See also the various 
fluids, tissues, and 
juices. 

Modified proteins, 40 
Molisch’s sugar test, 117 
Monamino acids, 83-96 

behavior in animal body, 
305, 462, 550, 572, 
614, 630 

Monosaccharides, 105-123 
Moore’s sugar test, 115 
Morner-Sjoqvist’s method of estimating 
urea, 561 

method of estimating 
acidity, 376 

Morner’s tyrosine test, 89. See also 
Denigc’s. 

Morphine, passage of, into urine, 608, 
639 

, passage of, into milk, 539 
Mucic acid, 120, 128, 524 

, relation to formation of gly- 
cogen, 201 

Mucilages, vegetable, 129 ' 

Mucin, 36, 65-68 

in sputum, 714 ' . . 

in cysts, 501 

' in urine, 615, 647 .. 

in salivary glands, 339, 340 
Mucin-like substances in bile, 309, 310, 
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Miicin-iike substances in kidneys, 541,542 
Mucinogen, 66, 340, 509 
Mucinoids. See. Mucoids. 

Mucin peptone, 67, 360 
Mucoids, 36, 65, 68 

ill ascitic fluids, 262 
in the vitreous humor, 491 
in the cornea, 434 
in connective tissue, 428-430, 
435 

in the hen’s egg, 506, 508 
in cysts, 498-501 . 
Mucoproteoses, 360 
Mucous glands, 66, 339, 348, 380 
Mucous membranes of the stomach, 348 
Mucous tissue, 480 
Mucus of the bile, 310, 327 

of the urine, 542, 615, 647 
of synovial fluid, 265 
Mulberry calculi, 681 
Murexide test, 575 

Muscle, coagulation of. See Muscle- 
plasma. 

, chemical tones of, 467 
, permeability of, 465 
Muscle-fibres, 447, 465 

, permeability, 465 
Muscle-pigments, 463 
Muscle-plasma, 448, 449, 452, 453 

, coagulation of, 448, 452, 
453, 466, 477 

Muscle rigor, 465 
Muscle-serum, 448 
Muscle-stroma, 451 
Muscle-sugar, 459 
Muscle-syntonin, 451 
Muscles, Bowman’s disks, 448 
, Bon-striated, 477 
, striated, 447-477 • 

, blood of, 242, 468 
, chemical processes in work and 
rest, 467-474, 759 
, chemical processes in rigor, 465 
, proteins of, 447-454, 466, 470 
, extractives of, 453-464 
, enzymes of, 453 
, pigments of, 453 
, fat of, 463, 472-474 
, gases of, 465, 468 
, calorific value of, 725-727 
, mineral bodies of, 464, 477 
, amount of water in, 476 
, composition of, 474-477 
Muscular energy, origin of, 472-474 
Musculamine, 457 

Muscular force, chemical processes in mus- 
cles, 467-474 

, action of, on urine, 544, 
564, 567, 608, 616 
, action of, on metabolism, 
470-474, 758-761 
Musculin, 450, 452, 478 , . 

Mussels, glycogen of, 287 ’ 

. , muscles of, 477 
Mutton-fat, feeding with, 442 . , 


Mutton-fat. absorption of, 423, 424 
Myeline forms. 481 
Myelines, 481, 488 
Myoalbumin, 449, 451 
Myogen, 453 

Myogen fibrin, 449, 453, 466 
Myoglobulin, 449, 451 
Myohsematin, 454 
Myoproteid, 452, 453 
Myosin, 36, 221, 449, 450, 452, 466 
, absorption of, 413 
Myosin ferment, 452, 453 
Myosin fibrin, 449, 452 
Myosinogen, 452 
Myosinoses, 52 
Myricin, 138 
Myricyl alcohol, 138 
Myristic acid in animal fat, 131 
in butter, 518 
in bile, 325 
in wool-fat, 692 

Mytolin, 451 
Myxoedema, 276 
Myxoid cysts, 498 

Nails, 73, 685 

Naphthalene, action on urine, 639 

, behavior in the animal body, 
633 

Naphthalene suiphochloride as reagent, 
675 

Napthalene sulpho derivatives of amino 
acids, 92, 675 

Napthol-glucuronic acid, 639 
Napthol, reagent for sugar, 117, 659 

, behavior in the animal body, 
609, 639 

Napthyl isocyanate compound of the 
amino-acids, 92 

Narcotics, relation to glycogen formation, 
291 

Native proteins, 40 

Navel cord, mucin of, 66, 67, 429 

Negative phase, 234 

Neosine, 457 

Neossin, 69 

Neozym, 232 

Nerves, 479, 480, 488 

Neuridine, 481, 486, 502 

Neurine, 145, 277, 485, 615 

Neurochitin, 489 

Neuroglia, 480 

Neiirokeratin, 73, 480, 488, 489 
Neutral fats. See Fats. 

Nicotine action upon the gases of the 
stomach, 372 
Nitrates in the urine, 623 
Nitric-oxide haemoglobin, 207 
Nitriles, behavior in the animal body, 631 
Nitro-benzaldehyde, behavior in the ani- 
mal body, 636 
Nitro-bemsene, 635 
Nitro-benzoic acid, 636 
Nitro-benzyl alcohol, 638 
ptro-cellulose, 130 
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Nitro-Mppuric acid, 636 
Nitro-plienol, 635 ^ 

Nitro-phenyl-propiolic acid, reagent for 

sugar, 117, 
659 

, behavior in 
the animal 
body, 592, 
595 

Nitro-toiuene sulpho-compoimds of amino 
acids, 92 

Nitro-tolulene, behavior in the animal 
.body,; 638 ' 

Nitrogen, combined, quantity of, in intes- 
tinal evacuations, 
717, 718 

, in meat, 443, 476 
, in protein bodies, 27 
, in urine, 548, 549 
, estimation of, in 
urine, dSC-Sbl 

Nitrogen deficit, 718 

Nitrogen elimination in work and rest, 
470-473, 758, 759 

in starvation, 728- 
730 

with various foods, 
739-752 

through the intes- 
tine, 417, 418, 
717, 718 

through the urine, 
548, 549, 611, 

612, 620, 622, 
717-719 

through the epider- 
mis, 718 

through the sweat, 
694, 718 

, relation to the elim- 
ination of phos- 
phoric acid, 620 
, relation to the elim- 
ination of sul- 
phuric acid, 622, 
719 

, relation to digestive 
activity, 624, 
717, 718, 762 

Nitrogen, free, in blood, 696 

, in intestine, 403 
, in stomach, 372 
, in secretions, 702 
, in transudates, 702 
, in urine, 626 
Nitrogen, residual, 183 
Nitrogenous equilibrium, 718. See also 
Chap. XVlIl . ' 

Nitroso-indoi nitrate, 402 
Non-striated muscles, 477 
Non-biuret giving products, 54, 394, 417 
Norisosaccharic acid, 121, 504 

Nubecula, 542, 615 ' ■ . 

:Nue!eases, 15S,;271, 


Nucleic acids, 71, 150-151, 156, 195 ■ 

' in the' urine, 647. 

Nuclein bases, 156-164 

in blood, 158, 186 ... ■ 
in the urine, 578 
Nucleins, 72, 149 

, , relation to eiiniin,atioii of ailox- 
uric bases, 578 

/relation' to formatio.n. of uric 
acid, 570, 571 

, relation to elimination of P.>Or„ 
619, 620 

, behavior 'with gastric Juice, 72, 
149, 150, 350 

, behavior with pancreatic juice. 
394, 395 

Nuclein plates, 222 
Nucleoalbumins, 36, 46, 141, 150 

in the bile, 310, 329 
in the liver, 281 
in the urine, 646 
in the kidneys, 541, 542 
in protoplasm, 141 
in transudates, 258, 261 
, behavior in pepsin diges- 
tion, 46, 150, 522, 532 
Nucleoglucoproteids, 71, 72 
Nucleohistone, 62, 221, 269 

, relation to coagulation of 
blood, 229 
in urine, 647 

Nucleoproteids, 36, 71, 72, 142, 149 
in the liver, 282 
in gastric Juice, 354, 355 
in blood, 172, 178 
in bile, 329 

in mammary glands, 514 
in muscles, 45l, 477 
in the kidneys, 541 
in the pancreas, 149, 150, 
381 

in protoplasm, 142 
in cell nucleus, 142, 149 
in thyroid gland, 275 
in thymus, 270 
, behavior in pepsin diges- 
tion, 71, 150 

, behavior with pancreatic 
Juice, 395 

Nucleotin, 154 

Nucleotin phosphoric acid, 154 
Nucleon, 457, 477 

in milk, 523, 532 
Nueleosin, 165 

Nutrition requirements, 763-771 

, of man, 739-753 
Nylander^s reagent. See Almen-Bottger’s 
i-J sii|aF^' lest 

Obermeyer’s indican test, 594 
Obermuller^s cholesterin reaction, 337 
Oblitin, 457 ; , 

Odoriferous bodies in the urine, 586 
(Edema, .{subcutaneous, fluid from, 265 
OerteFs diet cure, for corpulency, 770, 771 



soo 


GENERAL INDEX. 


(Eso]')hageaI fistuiaj 350 
Oieic acid, 135 
Oleiii, 134 
Oleodistearin, 132 
01igii?mia, 246 
Oligoeythsemia, 246 
Oliguria, 628 

Olive oil, absorption of, 423 

' action on the secretion of bile, 
308, 309 

Onuphin, 69 
Oocyaniii, 509 
Oorodein, 509 
Opaiisin, 523, 531 ^ 

Opium, passage of, into the milk, 539 
Optograms, 491 
Orcin test, 111, 666 

Organic acids, behavior in the animal body, 
624, 629-631 

Organized proteids, 742, 743 
Organs, distribution of the blood in, 249 
loss of weight in starvation, 732 
Organs of generation, 495-513 
Ornithine, 97, 635 
Ornithuric acid, 97, 635 
Orotic acid, 523 

Orthonitrophenylpropiolic acid. See Nit- 
rophenylpropiolic acid. 

Oryiic acid, 523 

Osaminic acid, 107 

Osamines of varieties of sugar, 107 

Osazones, 107 

Osmosis, relation to absorption, 427 

, relation to lymph formation, 
255, 256 

Osmotic pressure of blood, 189, 159 
of urine, 546 

Osones,^107 
Ossein, 76, 435 
Osseoaibunioid, 435 
Osseomucoid, 66, 435 
Osteomalacia, 438, 439 
Osteoporosis. See Osteosclerosis. 
Osteosclerosis, 438 
Otoliths, 494 
Ovalbumin, 32, 507 

, relation to glycogen formation, 
290 

Ovarian cysts, 498-502 
Ovaries, 498 
Ovogiobulin, 33, 506 
Ovomucoid, 68, 508 
Ovomucin, 506 
Ovovitellin, 36, 503 
Ovum, 502-512, 

Oxalate calculi, 680, 681 
Oxalate of lime. See Calcium oxalate. 
Oxalates, action on blood coagulation, 171, 
225 ' 

Oxalic acid, in the urine, 582, 583, 678, 680 
, ; , behavior in the animal body 

582, 783, .629 
Oxaluric acid, 568, 582 
Oxaiuric-acid amide, 32 
Oxamide, 29, 32 , . 


Oxaminic acid, '32 
Oxidases, 8, 16-19, ISo 

. See also the tissues and fluids. 
Oxidation ferment. See Oxidases. 
Oxidations, 3-9, 17-19, 629-631, 633, 703 
in diabetes, 300 

Oximes, 106 
Oxonic acid, 568 

Oxvacids, formation in putrefaction, 30, 
401 

, detection of, 597 
, passage of, in urine, 401, 596 
, in the sweat, 694 

Oxybenzoic acid, behavior in the animal 
body, 635, 636 
Oxybenzenes, 633 
Oxbutyric acid, 668, 672, 673 

, detection and estimation, 
673-675 

in the blood, 702 
, passage of, into the urine, 
625, 668, 669, 672, 673 
Oxydiaminosuberic acid, 29, 33 
Oxydiaminosebacic acid, 282 
Oxyethylsulphonic acid, behavior m the 
animal body, 632 
Oxyfajity acids in animal fat, 131 
Oxygen, consumption, 199, 704, 705 

in work and rest, 
468, 472 

in starvation, 729, 
730 

through the skin, 
695 

Oxygen, activity of, 3-8 

in the blood, 697, 704-709 
in the intestine, 403 
in the lymph, 251, 702 
in the stomach, 372 
in the swimming-bladder of 
fishes, 710 

in secretions, 702, 703 
in transudates, 703 
, tension of, in blood, 203, 698 
, lack of ; action on protein destruc- 
tion, 461, 569, 611 
, lack of, action on elimination of 
lactic acid, 461, 469, 608 
, lack of, action on elimination of 
sugar, 461 

Oxygen capacity, specific, 711, 727 
Oxygen-carriers, 7, 648, 649 
Oxygen, calorific value in the combustion 
of different foods, 623- 624, 723 
Oxygen, consumption in the blood, 
Oxygenases, 17 
Oxyhsematin, 210 
Oxyhaemocyanin, 219 
Oxyhsemoglobin, 198 

dissociation of, 198-200, 
704, 705. 

, properties and reactions, 

, quantity of, in the blood, 
239, 241-246 
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Oxyhiiemogiobin, quantityMii the muscles, 
454 . 

, passage of, into the urine, 
648 

, behavior with gastric 
juice, 360 

y behavior with trypsin, 
395 

Oxyhydroparacoumaric acid, 597 
Oxymandeiic acid, 597, 600 
Oxyinonamino acids, 29, 33, 95 
Oxymonaminosuberic acid, 29, 96 
Oxynionaminosuccinic acid, 29, 96 
Oxynaphthalene, 632 
Oxyphenyi-acetic acid, 90, 401, 596,597, 
: 637 ' ■ 

Oxyphenylaminopropionic acid. See Ty- 
rosine. 

Oxyphenyiethylamine, 30, 54 
Oxyphenylpropionic acid, 401, 597, 637 
Oxyproteic ficid in urine, 612, 613 
Oxyproteins, 31 
Oxyprotosulphonic acid, 31 
Oxypyrrolidincarboxylic acid, 34, 102 
Oxy quinoline, 638 
Oxyqiiinolinecarboxylic acid, 600 
Oizone, 3 

Ozone transmitter, 201 

Palmitic acid, 134 
Palmitin, 134 
Pancreas, 381 

, relation to glycolysis, 185, 302, 
396 

, extirpation of, action on absorp- 
tion, 

, extirpation of, elimination of 
sugar, 418, 421, 425 
, pepsin, 385 

, change during secretion, 381 
Pancreatic calculi, 396 
Pancreatic diabetes, 301, 302 
Pancreatic diastase, 388 
Pancreatic protein, 150, 38 1 
Pancreatic rennin, 396 
Pancreatic casein, 396 
Pancreatic juice, 382-388 

, secretion of, 382-385 
, enzymes of, 386 
, action on foodstuffs, 387- 

395 

, action upon peptides, 35, 

396 

ParaJ;)amic acid, 568 
Paracasein, 522 
Parachyniosin, 361, 362 
Paracresol, formation in putrefaction, 401, 
5S8 

Paraglobulin. See Serglobulin. 
Paraglycocholic acid, 313 
Parabicmoglobin, 201 
Parahistone, 63 
Paralactic acid, 460 

, relation to formation of 
uric acid, 572, 573 
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Paralactic acid,' properties. and occurrence, 
460-463^ 

, formation from glycogen, 

. 461, 466,467 
, formation in osteomalacia 
bones, 439 ' 

, formation in muscle dur- 
ing work, 468-470, 472, 
473 ' : ^ 

, formation in rigor mortis, 
467 

, formation in lack of oxy- 
gen, 460, 461, 469 
formation iri animals with 
extirpated livers, 460, 
461, 572 

, passage of, into the urine, 
460-462, 572, 608 
Paralbumin, 275, 500 
Paralytic saliva, 340 
Paraminophenol, 633 
Paramucin, 500 
Paramyosinogen, 450, 452 
Paranuclein. See Pseudonuclein. 
Paranucleic acid, 522 
Paraoxyphenylacetic acid, 90, 401, 596, 
597, 637 

Paraoxyphenylaminopropionic acid, 89, 
401, 596, 597, 637 

Paraoxypropiophenone, behavior in ani- 
mal body, 638 
Parapeptone, 359 
Paraxanthine, 157, 580 

in urine, 578, 580 

Parenterally introduced protein, 412 
Parietal or delomorphic cells, 349, 364 
Parotid, 339 
Parotid saliva, 341 
Parovarial cysts, 501 
Partition of the nitrogen in the urine, 548, 
549, 568, 569, 611 

Peas, utilization in the intestine, 421 
Pemphigus chronicus, 265 
Penicillium glaucum, 86 
Pennacerin, 692 
Pentacrinin, 691 

Pentamethylendiamine. See Cadaverin. 
Pentosanes, 110 

digestion of, 427 
Pentoses, 110 

, relation to glycogen formation, 
111, 290 
in blood, 184 
in urine, 110, 666 
in pancreas, 1 10 
in nucleic acids, 152, 155 
in nucleoproteids, 72, 110, 285, 

Penzoldt, acetone reaction, 671 
, Pepsin, 354-361 

, detection in gastric contents, 373 
, quantitative estimation, 357 
, . , occurrence in the urine, 426, 615 
Pepsin charge, in the stomach, 364 
, in the pancreas, 385 
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Pepsin cells/ 349 
Pepsin digestion, 356"362 

/products of^ 52, 53, 359 
Pepsin glands, 348 
Pepsin-giutin peptone, 57 
Pepsin-hydrochioric acid, 360, 361 
Pepsin-like enzyme, 354 
Pepsinogen, 364 
Pepsin peptones, 51, 57 
Pepsin test, 356 , ■ - 

Peptides, 35, 54, 394, 395, 416, 614 
, relation to trypsin, S5, 395 
Peptochondrin, 433 
Peptones, 29, 30, 36, 49-61, 359 
, assimilation of, 413-417 
, absorption of, 414, 415 
, passage of into urine, 414, 643 
Pepto’^c; blood, 235 
Peptone-plasma, 171 
Peptozym, 234 
Percagiobuiin, 510 
Perch eggs, 66, 504, 500, 510 
Pericardial fluid, 267, 260 
Perilymph, 494 
Peritoneal fluid, 257, 261 
Permeability, of the blood-corpuscles, 195, 
196 

of the vascular walls, 257, 
258 

of the muscles, 465 
Peroxidases, 17, 18 

See also the tissues and 
fluids. 

Peroxyproteic acid, 31 
Perspiratio insensibilis, 717 
Perspiration, 692-695 
Pettenkofer^s test for bile-acids, 135, 312, 

' 652 

respiration apparatus, 712, 
Phacozymase, 493 
Phaseomannite, 458 
Phenaceturic acid, 588, 634, 635 * 
Phenol-glucuronic acid, 590, 610, 638 
Phenol-sulphuric acid in the urine, 589, 
592, 637 
in sweat, 594 

Phenols, elimination by the urine, 401, 588 
-591, 633, 637, 638 
ill starvation, 404 
, estimation in urine, 590, 591 
, formation in putrefaction, 36/ 
401, 588 

, behavior in the animal body, 
401, 402, 588, 589, 637, 638 
Phenylacetic acid, formation in putrefac- 
tion, 30, 401 
, behavior in the ani- 
mal body, 588, 634, 
635 

Phenylalanine, 33, 91 

^ , behavior in the animal 
body, 585, 633 

■ ' ' , in alcaptpnuria, 597-599 

Phenylaminohcetic acid, behavior in, the 
animal body, ^3,^/ i / : ; ' ■ , 


Phenylaminopro|)ionic acid, 91 
Phenylbutyric acid, 634 ' 
Phenylglucosazone, 107, 117 
Phenylhydrazine test, 107, 117 

.in the urine, 657 / 
Phenylketopropionic acid, 633/634 
Phenyllactic acid, 598, 633, 635 
Phenyllactosazone, 524 
Phenylpropionic acid, behavior in the 
animal body, 585, 634 
Phenylpropionic acid, formation in pu- 
trefaction, 30, 401, 585 
Phenyivalerianic acid, 634 
Phiebin, 196 

Phlorliizin, poisoning with, 282, 297, 610, 

'''■■670'' 

Phlorhizin diabetes, 297, 610 
PhlorOglucin as reagent, 111, 374, 666 
Phosphate calculi, 681 
Phosphates in urine, 543, 619-622, 640, 
677-682 

. See also the different phos- 
phates, 143, 144 

Phosphatides, 146, 325, 328, 480, 481, 488. 
Phosphaturia, 620 
Phosphocarnic acid, 454, 457 

in the milk, 523, 

532 

in blood, 186 
in brain, 480, 481 
in the urine, 614 
in relation to the 
elimination of CO^ 
and lactic acid, 
462 

in relation to muscu- 
lar activity, 470, 
474 

Phosphoglucoproteid, 71, 509 
Phosphoric acid, elimination by the urine, 
617-622, 625, 628 
, formation in muscular 
activity, 470 

, quantitative estimation 
of, 620-622 

Phosphorized combinations in the urine, 
614 

Phosphorus poisoning, action on the elim- 
ination of am- 
monia, 554 
, action on the elim- 
ination of urea, 
548, 554 

, action on the elim- 
ination of lactic 
acid, 460, 402, 
608 

, action upon the 
blood, 172, 175 
, fatty degeneration 
r V' , ' , caused by, 282, 

' // ■' ^283,443 

, liver autolysis in, 
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Pliospiiorus poisoning, change in the urine. 

285, 460, 548 
554, 613 

PhotomethaBmogiobin, 205 
Phrenin, 486 ' 

■Phrenosin, 483, 485, 488 
Phthalic acid, behavior in the body, 633 
from cholic acid, 315 
Phthalimide malonic ester, 102 
Phyliocyanin, '214 . 

Phylioporphyrin, 197, 214 
Phylioerythrin, 324 
Phymatorusin, 688 

in the urine, 651 
Physetoleic acid, 138 
Physiological availability, 727 
Phytosterines, 335 

a-Picoline, behavior in the animal body, 
637 

Picric acid, reagent for protein, 42, 646 
, reagent for creatinine, 565 
567 

, reagent for sugar, 117, 566 
Pigment calculi, 334 
Pigments of the eye, 489-491 
of the blood, 196-219 
of the blood-serum, 186, 187 
505 

of the corpora lutea, 2 16, 498 
of the egg-shell, 509 
of feathers, 690 
of the fat-cells, 441 
of the bile, 319-325, 328, 331 
of the urine, 600-607 
of the skin, 688-691 
of the lobster, 509, 690 
of the liver, 282 
of the muscles, 453, 454 
of lower animals, 218, 219 
, medicinal pigments in the urine, 
639, 654 

Pigmentary acholia, 329 
Pig\s milk, 529 
Pike, flesh of, 476 . 

Pilocarpine, action on the secretion of in- 
testinal juice, 377 
, action on the elimination of 
CO^, in the stomach, 372 
, action on the secretion of 
saliva, 347 

, action on the elimination of 
uric acid, 569 

Piqure, 299 

Piria’s tyrosine test, 90 
Placenta, 512 
Plant gums, 128, 129 ^ 

Plant nucleic acids, 156 
Plants, chemical processes in, 1, 2 
Plasma. See Blood-plasma. 

Piasminie acid, 156 
Plasmoschisis, 227 
Plasmozym, 232 
Plastein, 56, 363, 396 
Piasteinogeri, 57 
Piastin, 149 


Plattneris, crystallized bile, 311 ' ^ ' 

Plethora poly cythsemia, 245 
Pleural fluid, 267, 261 
Plums,' action on the elimination of hip- 
puric acid, 585 

Pneumonic infiltration, solution of, 23, 268, 

713 

Poikilocytosis, 247 
Polarization test, 664 
Poly cythsBmia, 245, 248 
Polypeptides. See Peptides, 
Polyperythrin, 691 
Polysaccharides, 126 
Polyuria, 628 
Pons varolii, 486 

Poorhouses, diet of inmates of, 770 
Pork, 475 

Pork-fat, absorption of, 423 

Portal vein, blood of, 241, 295, 296, 419 

Positive phase, 234 

Potassium combinations, division of, in 
the form-eie- 
ments and 
fluids, 166, 
167,464 

, elimination of, 
in fevers, 623 
, elimination of 
in starvation, 
623,731 

, elimination by 
the saliva, 347 
in the urine, 623 

Potassium chlorate, poisoning with, 203 
Potassium phosphate in yolk of eggs, 505 
in muscles, 464, 465, 
477 

in cells, 166, 167, 
168 

in spermatozoa, 496 
Potassium sulphocyanide in the urine, 611 
in saliva, 341, 
343 

in gastric con- 
tents, 354 

Potatoes, absorption of, in the intestine, 
421 

Potential energy of various foods, 724-728 

Precipitins, 186, 413 

Preglobulin, 141, 228, 271 

Preputial secretion, 692 

Primary proteoses, 52 

Prisoners, food-ration for, 770 

Proliferous cysts, 498 

ci-Proline, 34, 74, 101 

Prolineglycyl anhydride, 35 

Fropepsin, 364 

Fropeptones, 50 

Fropylalanine, 35 ^ ^ 

Fropyl benzene, behavior in the animal 
body, 634 

Propylene glycol, relation to formation of 
glycogen, 291 . ^ . 

Prosecretin, 379, 384 
Frostatic calculi, 498 
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Prostatic secretion, 496 
Prostiiethic group, 71 
Protagon, 148, 271, 480, 481, 482 
Protalbinic acid, 49 
Protoproteoses, 51 

Protamines, 36, 58, 62, 63, 149, 497, 498 
Proteids, 36, 37-65. 

. See also the various protein 
groups. 

Protein, separation from fluids, 44 

, approximate estimation in the 
urine, 646 

, circulating and tissue protein, 
741-745 

, action on the formation of gly- 
cogen, 292, 294, 303-305 
, active, 4 

, living and non-living, 4 
, detection and quantitative esti- 
mation of, 43-45, 639-646 
, regeneration of, 415, 416, 417 
, absorption of, 412-418 
, passage of, into the urine, 640 
, heat of combustion of, 723-726 
, digestibility in gastric juice, 356, 
368 

, digestibility in pancreatic juice, 
393 

, formation of sugar from, 303-305 
Protein bodies in general, 26-83 

, summary of the various, 
36, 37 

. See also the various pro- 
tein bodies of the tissues 
and fluids. 

Protein hydrogele, 39, 40 
Protein hydrosole, 39, 40 
Protein content affected by inoculation, 
188 

Protein metabolism in work and rest, 471- 
475, 758 

in starvation, 728, 
729 

in various ages, 757, 
758 

with different foods, 
739-745 

ante-ynortem increase, 

, ' , 730 

after feeding with 
thyroid extracts, 
276 

Protein overfeeding, 751, 752 
Protein putrefaction, 30, 401-408, 585, 
588,589 

Protein, relation to the albuminates, 49 
Proteincystine, 92 
Proteinochromogen, 30, 102 
Protein substances, 26-82 

, synthesis of, 34, 35 
, action upon coagula- 
tion of the blood, 

. See also individual 
r . ; protein" bodies. „ ■: 


Proteoses, 36, 52 

, general properties and prepar- 
ation, 50-61 
in blood, 183, 247, 415 
, formation in protein putrefac' 
tion, 50„ 401, 415, 416 
, relationship to the coagulation 
of the blood, 171, 226, 234, 
235 

, nutritive value, 745, 746 
, absorption of, 414-417 
, transformation into protein, 41 5 
, occurrence in urine, 643 
Prothrombin, 176, 231, 232, 233 
Protic acid, 454 
Proteolytic enzymes, 16, 263 
Protocatechuic acid, behavior in the body, 
591 

Protoelastose, 76 
Protogelatose, 79 
Protogen, 49 
Protokyrin, 58 
Pro tones, 63 
Protoplasm, 4, 140, 141 

and protein decomposition 
of, 548 

Protosyntonose, 100 
Pseudocerebrin, 485 
Pseudochylous fluid, 262 
Pseudoglobulin, 179, 643 
Pseudoglycogen formers, 
Pseudohsemoglobin, 203 293 
Pseudolevulose, 108 
Pseudomucin, 68, 500 

in ascitic fluids, 262 
in cysts, 500 
in the gall-bladder, 329 
Pseudonucleins, 47, 151, 359, 

from casein, 521, 531 
from viteliin 
Pseudopepsin, 354 
Pseudotagatose, 108 
Pseudoxanthine, 457 
Psittacofulvin, 690, > 

Psylla-alcohoi, 692 
Psyllic acid, 692 

Psychical period of secretion, 350 
Ptomaines, 24 

in the urine, 615, 676 
Ptyalin, 343, 344 

, behavior with acid, 345, 366 
,* action on starch, 344-346 
, tests, 345, 346 
Pulmo tartaric acid, 713 
Purine, 157 
Purine bases, 156, 578 

, See also Nuclein bases. 

Purple, 691 
Purple cruorin, 202 
Pus, 266-269 
, blue, 269 
cells, 267 
in urine, 651 
corpuscles, 267 
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Putrefactiye processes, 25, 30 

in intestine, 400- 
408, 585, 588- 
■596' 

Putrescme,.24, 97 

in intestine, 24, 676 
in the urine, 615, 676 
Pyiii, 261, 266, 269 
Pyinic acid, 269 
Pyloric gland, 348 
Pyloric secretion, 365 
Pyoeyanin, 269 

in sweat, 695 
Pyogeiiin, 268, 483 
Pyosin, 2'68, 483 
Pyoxanthose, 269 

Pyridine, behavior in the body, 639 
a-Pyridine-carboxylic acid, 632, 636 
Pyrocatechin, 591 

, occurrence in urine, 591 
, occurrence in transudates, 
259, 265 

Pyrocatechin-sulphuric acid, 591 
Pyromucic acid, 637 
Pyromucinornithuric acid, 637 
Pyrrol derivatives, 210, 689 
a:-Pyrrolidine carboxylic acid, 101-103,197. 
See «-Proline. 

Pyrrolidonecarboxylic acid, 74 

Quercite, relation to glycogen formation, 
291 

Quinic acid, behavior in the animal body, 
586 

Quinine, passage of, into urine, 639 
, passage of, into sweat, 695 
. , action of, on the elimination of 
uric acid, 569 
, action on the spleen, 274 
Quotient, respiratory, 306, 446, 472, 722 
731, 760 

Quotient, urea to nitrogen, 628, 720 
, nitrogen to sugar, 304, 306 

Racemic acid, behavior in the animal body, 
539 

Rachitis, bones in, 438, 440 
Rape-seed oil, feeding with, 442 
Reductases, 19 

Reduction processes, 2, 5, 18, 19. See also 
the various chapters, 

Reichert-MeissPs equivalent, 137 

Reindeer, milk of, 529 

Rennin, 25, 56. See also Chymosin. 

Rennin ceils, 349 

Piennin glands, 349 

Rennin zymogen, 349, 361, 362 

Reproductive organs, 419-513 

Resacetophenon, 637 

Residua! nitrogen, 183 

Resin acids, transition into urine, 639, 641 

Respiration, anaerobic, 21, 461. , - , 

, external, 696, 703 
, internal, 696, 703, 712 
of tiie hen's egg, 511, 512 


Respiration of plants, 2 ' 

See also Chemistry of res- 
piration, 696-714, and 
Exchange of gas under' 
various conditions. , 

Respiratory ' quotient, 306, 446, 472, 722, 
731, 760 

Rest, metabolism during, 467-472, 758- 

761 

Reticulin, 37, 80, 428 
Retene, 335, 336 
Retina, 489 
Reversion, 124 
Revertose, 16 

Reynolds' acetone reaction, 671 
Rhamnose, relation to givcogen formas ion, 
290,336 
Rheometer, 706 
Rhodizonic acid, 458 
Rhodophan, 491 
Rhodopsin, 489 

Rhubarb, action on the urine, 639 
Rib-cartilage, 434 
Rigor mortis of the muscles, 465 
Roberts' method of estimating sugar, 663 
Roch's reaction for protein, 642 
Rodents, bile-acids of, 318 
Rods of the retina, pigments of, 490 
Rosenbach's bile-pigment test, 852 
urine test, 675 
Rotation, specific, 109 
Rosin’s levulose reaction, 119, 665 
Rovida’s hyaline substance, 141, 221, 267 
Rubner’s sugar test, 117, 665 
Rye bread, utilization, 417, 421, 727 

Saccharic acid, 106, 107, 121 
, lactone of, 121 
, relation to glycogen for- 
mation, 291 

, behavior in diabetes, 300 
Saccharose, 123, 124 

calorific value, 724 
absorption of, 419 
Salicylase or aldehydase, 18 
Salicylic acid, action on pepsin digestion, 
359 

, action on trypsin digestion, 
393 

, behavior in the animal 
body, 635 

Salicylic-acid amyl ester, 284 
Salicylsulphonic acid as protein reagent, 
42 

Saliva, 339-348 

, secretion of, 346, 347 
, mixe4, 342 

, , , physiological importance, 348 
. j behavior in the stomach, 348, 
366, 367 . , 

. , action of, 345, 348, 367 

, gases of, 340, 702 : ; 

, , composition of, 346, 347 
Salivary calculi, 348 \ 

Salivary diastase. See Ftyalin, 
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Salivary’’ glands, 339 
Saikowski’s cholesterin reaction, 336 
Salkowski-Ludwig^s method of estimating 
uric acid, 336 
Saimine, 63, 64 
Salmon, flesh of, 454 

, sperma of, 63, 155, 497 
Saimonucieic acid, 154 
Saits, action of, upon metabolism, 754 
, antagonistic action of, 377, 375 
, See also the various salts. 
Salt-plasma, 171 

Saits of vegetable acids, behavior in the 
organism, 544 
Samandarin, 692 

Santonine, action on the urine, 639, 654 
Sapokrinin, 385 
Saponification equivalent, 136 
Saponification, 133, 388, 398, 422, 423 
Saponin, 193, 337 

Sarcolactic acid. See Paralactic acid, 
Sarcolemma, 447 
Sarcomelanin, 688 
Sarcomelanic acid, 688 
Sarcosine, 455 

, behavior in the animal body, 
630 

Sarkine. See Hypoxanthine. 

Scherer^s inosite test, 459 
SchM^s reaction for cholesterin, 336 
reaction for uric acid, 576 
reaction for urea, 555 
Schreiner^s base, 496 
Schiitz-Borissow's law, 390, 392 
Schweitzer's reagent, 107 
Sclerotic, 493 
Scombrine, 59, 63, 64 
Scoml>ron, 62 
Scyllite, 272 
Scymnol, 310 

Scymnobsulphuric acid, 310 
Seal-fat, 138 
Sea-urchin, sperm of, 62 
Sebacic acid, 135 
Sebum, 691 

Secondary proteoses, 52 
Secretin, 309, 377, 379, 384 
Secretin enzymes, 22 
Sediments. See Urinary sediments. 
Sedimeiitum lateritium, 543, 575, 607, 
677 

Seliwanoff's reaction for levulose, 119, 
665 

Semen, 495-497 

Bemicarbazide, poisoning with, 584 
Semiglutin, 79 
Seminose. See Mannose. 

Senna, action on the urine, 639, 654 
Bepsine, 24 
Seralbumin, 36, 181 

,, detection of, in the urine, 640, 
643 , ' 

, quantitative estimation 
383, 645 

V' absorption. qf, 413 ' 


Serglobxilin, 36, ITS 

, detection of, in the urine, 640, 
643 

, quantitative estimation of, 
ISO, 645 

Sericin, 37, 82 
Serine, 33, 95 
Serolin, 183 
Serosamuein, 258 
Serous fluids, 256-265 
Serum. See Biood-serum. 

Serum casein. See Serglobulin. 

Sex, influence on metabolism, 756 
Sharks, bile of, 310, 325 

, urea in, 240, 325, 547 
Sheep's milk, 529 

Shell-membrane of the hen's egg, 73, 
509 

Silicic acid in feathers, 685 
in hair, 685 
in urine, 626 

in hen’s egg, 505, 509, 510 
in connective tissue, 429 
Silicic acid ester in feathers, 685 
Silk gelatine, 82 
Sinistrin, animal, 71 
Silver, in blood, 239 
Skatol, 29, 34, 102, 401, 402 

, formation in putrefaction, 29, 401, 
588 

, behavior in the animal body, 400, 
401, 588, 595, 634 
Skatolacetic acid, 30, 102 
Skatolaminoacetic acid, 30, 102 
Skatolcarboxylic acid, 102, 596 
Skatol-pigment, 595, 596, 607 
Skatosine, 103 
Skatoxyl, 401, 588, 634 
Skatoxylglucuronic acid, 595 
Skatoxyisulphuric acid, 588, 595 

in sweat, 694 

Skeletins, 81 

Skeleton at various ages, 438 
Skin, 685-695 

, excretion through, 690, 692-695, 

; . 717 

Sleep, metabolism, 761 
Small intestine, 378, 380 

extirpation of, 427 
Smegma praeputii, 692 
Smith’s reaction for bile-pigments, 654 
Smooth muscles, 477 
Snail mucin, 66 

Snake poison, action upon blood, 193, 
226, 234 

Soaps in biood-serum, 183 
in chyle, 251, 423 
in pus, 268 

in excrements, 408, 426 
in bile, 310, 325 
in milk, 532 

^ importance of, in the emulsification 
, ' of fats, 389, 390, 398, 423 
Sodium : alcqholate as a saponification 
agent, 136,, 659 . 
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Sodium chloride, elimination by the urine> 
616, 617, 694, 695 
, elirnination by the sweat, 
694, 695 ‘ 

, physiological i m p o r t- 
ance, 736 

, quantitative estimation, 
616-619 

, influence on the quan- 
tity of urine, 754 
, influence on the elimina- 
tion of urea, 754 
, influence on the seci'e- 
tion of gastric juice, 
364, 736 

, behavior with food rich 
in potassium, 736 
, insufficient supply of, 
364, 736 

, action on the secretion 
of intestinal juice, 377, 
378 

, action on pepsin diges- 
tion, 358, 359 
, action on trypsin diges- 
tion, 393, 394 

Sodium compounds, elimination by the 
urine, 623 

, division among the 
form-elements and 
fluids, 166 

. See also the vari- 
ous tissues and 
fluids. 

Sodium phosphate in the urine, 619, 
620 

Sodium salicylate, action on the secretion 
of bile, 309 , 

Sodium tartrate, relation to glycogen 
formation, 291 
Solanin, 193 
Soldiers, diet of, 769 
Sorbin, 119 
Sorbinose, 113, 119 
Sorbite, 106 

Source of muscular energy, 472-474 
Spawn of the frog, 71 
Specific rotation, 109 
Snectrophotometry, 218 
Si)erma, 63, 495-498 
Spermaceti, 138 
Spermaceti oil, 138 
Spermatin, 498 
Spermatocele fluids, 263 
Spermatozoa, 497 
Spermine, 496 
Spermine crystals, 496 
Spherules, 37, 503, 509 

Sphingosin, 485 ' - 

Sphygmogenin, 278 . 

Spider excrement, guanin therein, 160 . 
Spiegler's reagent, 642 
SpIrograpMn, 69^ 

Spirogyra,' 114, 167 , 


Spleen, 272-275 

, relation to. formation of blood,. 274' 
, relation to formation of uric ackl, 
:.274,'570,573: 

, relation to digestion, 385 
, blood of the, 242 
Spleen pulp, 272 

Splitting processes in general, 1, 2, 9. See 
also the various enzymes. 

Spongin, 37, 81, 82 
Sputum, 714 

Sputum mucin. See Mucin from mucous 
membrane, 66 
Starch, 126 

, hydrolytic cleavage by diastase, 
128, 387, 388 

, hydrolytic cleavage by pancreatic 
diastase, 388 

, hydrolytic cleavage by saliva, 344 
, caloriflo value, 724 
, absorption, 419, 421 
Starches, digestion of, 367, 38S 
Starch, cellulose, 126 
Starch granulose, 126 
Starvation, action on the blood, 244, 731, 
732 

, action on the urine, 404, 548, 
585, 592 

, action on the elimination of 
indican, 404, 592 
, action on the elimination of 
oxalic acid, 582 

, action on the secretion of bile, 
307, 308 

, action on the secretion of 
pancreatic juice, 382 
, action on the elimination of 
phenol, 404 

, action on metabolism, 722, 
728-733 

, death from, 728 
Starvation cures, 770, 771 
Starvation requirement, 733, 755 
Steapsin, 388 
Stearic acid, 133 
Stearin, 133 

, absorption of, 423 
Stentorin, blue. 691 
Stercobilin, 320, 409, 603 
Stercorin, 337 
Stethal, 138 

Stokes’s reduction fluid, 203 
Stokvis’ reaction for bile-pigments, 653 
Stomach, gases in the, 372 

, importance in digestion, 369 
, pepsin charge in, 364 
, relation to intestinal putrefac- 
. tion, 371, 406, 407 „ 

, auto-digestion of, 372 ’ 

, digestion in the, 365-372 
Stomachic glands, 350 
Stone-cystine, 92 . 

Streptococcus, behavior with gastric juice, 
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Stroma fibrin, 19/> 

Stroma of the biood-corpuscles, 194 
of the muscles, 451 
of the ovaries, 49S 

Strontium salts and blood coagulation, 
struma cystica, 275 

Strychnine, passage of, into the urine, 639 
and sugar elimination, 299 
Sturgeon, sperma of, 63 
Bturine, 63, 100 
Sublingual glands, 339 
Sublingual saliva, 341 
Submaxiiiary glands, 339 
Submaxillary mucin, 66, 67 
Submaxillary saliva, 340, 341 
Succinic acid in putrefaction, 32 

in the fermentation of milk, 

• 516 , 

in the intestine, 400 
in the spleen, 272 
in transudates, 259, 264 
in the thyroid glands, 275 
from phosphocarnic acid, 
457 

, passage of, into the urine, 
630 

, passage of, into the sweat, 
695 

Sugar, relation to work, 469, 473 
, formation from fats, 306, 473 
, formation from protein, 303-305 
Sugar formation, in the liver, 295-301, 
306 

after pancreas extirpa- 
tion, 301-305 

Sugar, behavior on subcutaneous in- 
jection, 293 

, behavior to blood-corpuscles, 195 
, quantitative determination, 659- 
665 

. See also various kinds of sugar. 
Sugar tests in the urine, 655-659 
Sufphaemoglobin, 207 
Sulphocyanides in the urine, 611, 631 
in gastric juice, 354 
in the saliva, 341, 343 
Siilphonal intoxication, urine in, 213, 650 
Suiphonic acids, behavior in the animal 
body, 540 

Sulphur, of proteins, 27. See also various 
proteins. 

, in the urine, 471, 611, 612 
, elimination of, in activity, 471 
, elimination of, with lack of oxy- 
gen, 611 

, neutral and acid sulphur in urine, 
611 

y behavior in the organism, 611, 
631 

Sulphur meth^moglobin, 207 
Sulphuretted hydrogen in putrefaction in 
the intestine. 


Sulphuric acid, ethereal and sulphate, in 
the urine, 588, 589, 611, 
622, 623 

, elimination of, in activity, 
471 

, elimination of, by the 
urine, 543, 622, 623, 628 
, elimination of, by the 
sweat, 694 
, estimation of, 622 
, relation to elimination of 
nitrogen, 471, 611, 622 
, action on pepsin digestion, 

' 358 . 

Suprarenal capsule, 277 
Suprarenin, 278. See also Adrenalin. 
Swallow's-nests, edible, 69 
Sweat, 692-695 

Swimming-bladders of fishes, gases of, 710 
, guanine in, 
160 

Sympathetic saliva, 340 
Synproteose, 55 
Synovia, 265 
Synovial fluid, 265 
Synovial mucin, 258 
Synoviamiicin, 265 
Synovin, 266 
Synthesis, 1, 2, 

of ethereal sulphuric acids, 280, 
401, 588, 590, 593, 594, 637 
of conjugated glucuronic acids, 
122, 589, 593, 609, 610, 632, 
638 

of uric acid, 567, 568, 572, 573 
of urea, 547, 550, 551, 552 
of hippuric acid, 3, 585, 635 
of varieties of sugars, 106, 114 
of polypeptides, 36, 

Syntonin, 48, 100 

, calorific value of, 726 

Tagatose, 108 
Talonic acid, 120 
Taiose, 108, 113, 120 
Tapeworm cysts, 265 
Tannic acid, behavior in the animal body, 
637 

Tartar, 348 

Tartaric acid, relation to glycogen forma- 
tion, 291 

, passage of, into sweat, 695 
, behavior in the animal 
body, 630 
Tartronic acid, 573 
Tatalbumin, 506 
Taurine, 94, 95, 310, 313, 331 

, behavior in the animal body, 629 
Taurocarbamic acid, 631 
Taurocholeic acid, 314 
Taurocholic acid, 310, 313, 328 

, occurrence in meconium, 
410 

, , decomposition . in the 
intestine, 404 ' 
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Taurochoiic acid, protein-precipitating ac- 
tion; 42, 647 

Tea, action on metabolism, 755 
Tears, 418 , : , 

.Teeth, .440.' 

Teichmann’s crystals, 211, 649 
Tendon m.ucin, 66 
Tendon mucoid, 428 
Tendon synovia, 265 

Tension of the CO3 in the blood, 708-710 
in the tissues, 712 
in the lymph, 251 
O in the blood, 703-708 
Terpen-Glucuronic acid, 667 
Terpentine, action of, on the secretion of 
bile, 308 

, action of, on the urine, 639 
, behavior in the animal body, 
609, 638 

TetraglycylGlycine, 35, 396 
Tetraoxyaminocaproic acid, 96 
Tetrapep tides, 35, 395 
Tetronerythrin, 219, 690 
Testes, 495 
Tetroses, 105 
Theobromine, 157 

, behavior in the animal 
body, 579 
Theophylline, 157 

, behavior in the animal 
body, 579 

Thioalcohols, behavior in the animal 
body, 632 

Thiogly colic acid, 74 

, behavior in the animal 
body, 632 

Thiolactic acid, 28, 33, 94 
Thiophene, behavior in the animal body, 
637 

Thiophenic acid, 637 
Thiophenuric acid, 637 
Thiotolene, 637 

Thrombin,' 13, 16, 175, 228, 233 
Thrombogen, 231-233 
Thrombokinase, 231 
Thrombosin, 229 
Thymine, 152, 154, 165 
Thymic acid, 154 

Thymonucieic acid, 151, 152, 153, 154, 
155 ' '' ' 

Thymus, 270 
Thyreoglobulin, 276, 277 
Thyreoidea, 275-277 
Thyreoproteid, 276 
ThjTeotoxalbumin, 277 
Thyroid gland, 275, 276 
Thyroiodin. See lodothyrin. 
Tissue-fibrinogen, 141, 271 
Tissue proteids. 

Toliens^ reaction for pentoses, 111, 112 
Toluene, behavior in the animal body, 585, 
634 

Toiuric acid, 635 

Toluylenediamine, poisoning with, 338 
Toluic acid, 635 ' ■ ‘ ' 


Tonus, chemical of the muscle, 467 
Tooth structure, 440 
Tortoise, bones of, 436 
Tortoise-shell, 73, 691 
Toxalbumins, behavior with gastric juice, 
371 

Toxines, 24, 25, 186, 280 
Tracheal cartilage, 420, 433 
Transudates, 256-266 
Tribromacetic acid. 

Tricalcium casein, 520 
Trichloracetic acid as reagent, 42, 45 
TricMorethyl-glucuronic acid. See Uro- 
cliloralic acid. 

Triglyeylglycine, 35, 396 
Triolein, M 
Trioses, 105 
Tripalmitin, 134 
Tripeptides, 35, 395 

Triple phosphate in urinary sediments, 

^ 678, 679 

in urinary calculi, 680, 
681,682 

Tristearin, 133 
Triticonucleic acid, 152, 156 
Trommer’s test for sugar, 116, 655 

, behavior with 
uric acid, 575 
, behavior with 
creatinine, 
:..565 ■■ 

Tropics, metabolism in inhabitants of, 762 
Trypsin, 186, 390-395 

, action on proteins, 54, 55, 392, 416 
, action on peptides, 35, 395, 396 
, importance in absorption, 416 
Trypsin digestion, 392-396 

, products of, 394 
Trypsinogen, 383-^6 
Trypsin peptone, 51, 54, 55, 57, 58 
Tryptophane, 30, 102, 355 
Tubo-ovariai cysts, 501 
Tunicin, 685 
Turacin, 690 
Turaco Verdin, 690 
Tryosine, 18, 33, 54, 89-91 
, in urine, 675 
, in sediments, 680 
, detection of, 91, 675 
, behavior in putrefaction, 400, 
585, 588 

, behavior in the animal body, 
598, 599, 633, 670 
Tryosinases, 18, 90, 690 
Tyrosine-sulphuric acid, 90 

Uffelmann's reaction for lac ic acid, 374 
Umikoff’s reaction, 532, 533 
Uracil, 152, 156, 164 .. \ 

Uraemia, bile in, 329 . 

' I gastric contents in, 373 
, sweat in, 694 
Uraminobenzoic acid, 636 
Urates, 542 

, in sediments, 575, 678 - ■ , 
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, elimination in starvation, 548 
y elimination in children, 549, 665 
, elimination in disease, 547, 548, 554 
, properties and reactions, 554 
, formation ’and origin, 550-554, 630 
, quantitative estimation, 55S-562 
, synthesis, 547, 551-553 
, occurrence in the blood, 186, 240, 
242,551 

, occurrence in the bile, 325, 329, 547 
, occurrence in the liver, 547, 550, 
551 

„ occurrence in the muscles, 455, 547 
, occurrence in transudates, 259 
Urea glucuronic acid, 609 
Urea nitrate, 555 , 

Urea oxalate, 555 
Ureides, 30, 568, 583 
:Urem,,562'v 
Urethane, 563 
Urease, 16, 677 

Ureido-glucuronic acid, 609, 611 
Uric acid, 157, 550, 567, 568 

, elimination in disease, 570 
, elimination after feeding with 
nuclein, 569, 571 
, relation to urea, 567-573 
, properties and reactioias, 573- 
576 

, formation in the animal body, 

, quantitative estimation, 576- 
578 

, syntheses of, 568, 572, 573 
, behavior in the ' animal body^ 
573, 574 

, occurrence of, 568, 569 
, occurrence of, in sweat, 547, 694 
, occurrence of, in sediments, 543, 
575 

Uric-acid calculi, 681 
Urinary calculi, 680-6S3 
Urinary pigments, 601-607 

, medicinal, 639, 654 
Urinary sand, 680 

Urinary sediments, 542, 543, 677-680 
Urine, 541-684 

, excretion of, 626, 627 
, inorganic constituents of, 616-626 
, poisonous constituents of, 615 
, organic pathological constituents 
of, 639-676 

, physiological constituents of, 546- 
616 

, en2iymes of, 615 
, casual constituents of, 629-639 
, color of, 542, 601 , 628, 639, 648-654 
, solids, calculation of, 626, 627 
, quantity of solids, 626, 627 
, alkaline fermentation of, 677 
, acid fermentation of, 677 
, gases of, 626, 703, 712 - 

, quantity of, 626, 627 , . ■ 

, j^hysical properties of, 542-547 \ _ 


Urine, osmotic pressure of, 546^ 

, physico-chemical analysis of, 628 
, reaction of, 543-546 
, acidity of, 543-545 
, estimation of acidity, 545 
.specific gravity of, 546, 627, 628 
, passage of foreign bodies into, 629- 
639 

, composition of, 628 
, reducing power of, 608 
Urine indican, 592 
Urine indigo, 592, 601 
Urine poison, 615 

Urine purines, endogenous and exogenous, 
578-581 

Urine sugar. See Dextrose. 

Urinometer, 546 
Urobilin, 601, 602-607 

, relation to bilirubin, 319, 332, 
404, 603 

/relation to choletelin, 603 
, relation to hasmatin, 332, 603 
, relation to hsematoporphyrin, 
214, 603 

, relation to hydrobilirubin, 332, 
603 

Urobilin icterus, 604 
Urobilinogen, 601, 605 
Urobilinoid bodies, 603 
Urocarnic acid, 526, 615 
Urochloralic acid, 122, 632 
Urochrome, 601, 602 
Urocyanin, 601 
Uroer5rthrin, 601, 607 
Uroferric acid, 611, 613 
Urofuscohaematin, 650, 651 
Uroglaucin, 601 
Urohaematin, 601 
Urohodin, 601 
Uroieucic acid, 597, 60 
Uromelanins, 601 
Uronitrotoluolic acid, 638 
Urophaein, 601 
Uroproteic acid, 613 
Urorubin, 601 
Urorubrohaematin, 650 
Urorosein, 596, 601, 651 
Urospectrin, 650 
Urostealith calculi, 682 
Urotheobromine, 580 
Urotoxic coeflS.cient, 615 
Uroxanthine, 592 
Uroxonic acid, 568 
Ursocholeic acid, 319 
Uterine milk, 512 
Uterus colloid, 502 

Utilization of, the various foodstuffs, 417, 
421, 425, 530, 531 


Valerianic acid, 29 

Vegetable acids, behavior of the alkali 
salts of, in body, 544 
Vegetable gums, 120, 129 
'Vegetable, mucilages, 128,. 129 
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XBgetarianSj. food of, ,750,. 767 ' 

; excrement, 408 ‘ 

"Vemix easeosa, 336, 691 • 

Vesicatory ' blisters, 265 
Vesicle calculi, ,, , 

Vesiculase, ,496 
Virtual sugar, 184 ■ 

Visual purple, .489-491 
Visual red, 489 
Vitali’s pus-blood test, 649 
Vitelliii, 36 

in yolk of egg, 503 
in protoplasm, 141 
Vitellolutein, 505 
Vitellorubin, 505 
Vit ell OSes, 52 
Vitreous humor, 491 

Water, drinking of, action in the elimina- 
tion of chlorides, 
616 

, action on the elimina- 
tion of uric acid, 
569 

, action on the elimina- 
tion of urea, 753 
, action on the deposi- 
tion of fat, 754 
, action on the excre- 
tion of urine, 626 

, elimination of, through the urine, 
626-628, 717 

, elimination of, through the skin, 
693, 717 

, elimination of, in starvation, 731 
, elimination of, importance for the, 
animal body, 734 

, elimination of, quantity of, in the 
various organs, 734 
, elimination, lack of, in the food, 
v734'' / 

Wax, 138 

in plants, 691 

Weidel’s xanthine reaction, 160 
Weyhs reaction for creatinine, 565 
Wheat bread, absorption of, 418 
Whey, 516, 528 
Whey proteid, 521 
White of egg, 506-510 

, calorific value of, 724 
, absorption of, 413, 414 
Witches milk, 534 
Woman^s milk. See Human milk. 
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Wool-fat, 337, 692 

Work, action on the elimination of 
chlorine, 616 

, action on . the elimination of siii-. 

phur, 471 

, action on the excretion of nitrogen, 
470, 471 

, action of the necessity for food, 
768, 769 

, action on metabolism, 468-474, 758 
“761 

Worm-Miilier’s sugar test, 655 
Wound secretion, 265 
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